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Grinding mills used to reduce ore to appropriate size for treatment 


NICKEL AIDS THE MINING INDUSTRY 


to KEEP ‘EM PRODUCING! 


Weapons for war get their start under- 
ground. 


And it’s modern mining machinery 
that speeds ’em on their first step to 
Berlin and Tokio. 


Through research and development 
work in the pre-war years, manufactur- 
ers have pioneered many innovations 
that make today’s mining equipment 
amazingly efficient. 


And in this war emergency, the indus- 
try is making the most of that equip- 
ment...working it harder, longer, often 
beyond rated capacity ...spurred on 
by the limitless demands of war. 


One reason the equipment holds up 
so well...thanks to the foresight of 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 wall st., New York 5,N.!: 


design engineers...is that many of the 
critical parts are made of Nickel al- 
loyed materials. 


Nickel goes a long way to make 
those parts longer-lasting and more 
dependable . . . tougher, stronger, more 
resistant to corrosion. 


Hence, the use of Nickel is now so 
widespread that Nickel Alloys fortify 
nearly all kinds of mining and milling 
equipment parts... from drill bits and 
crusher frames to skips and cages, from 
ball mill liners to mine car axles. 


Throughout the years of research 
and planning behind this progress, it 
was our privilege to cooperate with the 
engineers who desired help in the se- 


lection, fabrication, and heat treatment 
of alloys. Whatever your industry my 
be... if you’d like to have such assis 
ance... counsel and printed data ar 


available on request. 


New Catalog Index 


New Catalog C makes it easy 
for you to get Nickel litera- 
ture. It gives you capsule 
synopses of booklets and bul- 
letins on a wide variety of 
subjects — from industrial ap- 
plications to metallurgical 


data and working instruc- j 


tions. Why not send for your 
copy of Catalog C today? 


* Nickel * 
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Design a in Enemy 
anes 


Opinions have been expressed that 
German and Japanese plane design has 
deteriorated because of shortages in 
manpower, machinery and vital mate- 
rials, Examination of recently captured 
aircraft, however, does not bear out this 
assumption. The lead article, pages 
145-150, summarizes enemy progress 
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in aircraft with particular emphasis on 
design techniques, materials and con- 
trols. The article is based on informa- 
tion obtained at Wright Field on new 
models of the Jap Zero, the Focke-Wulf 
190 fighter, and the Junkers 88 twin- 
engined bomber. 
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From 
High-Impact Plastics 


Molding compounds for plastic parts 
that are subject to shock have devel- 
oped rapidly during the war period. 
Improved resins and new types of fillers 
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have improved the resistance to impact 
of the molded part and reduced many 
of the molding difficulties. An article on 
page 178 discusses some things that can 
be done with these materials. 


Electronic Welding Control 


Fabrication of formed sheet-metal 
parts by welding has been simplified 
greatly by application of electronic con- 
trol of welding current in arc- and re- 
sistance-welding. Typical examples of 
welded fabrication of stampings pre- 
sented on page 166 give some idea of 
how controlled welding can ease pro- 
duction of sheet-metal parts. 


Pneumatic Systems 


Many possibilities exist in the field of 
mechanical design for the use of pneu- 
matic systems to control machines and 
apparatus, and to operate devices that 
require quick, positive action of large 
forces. An article on page 174 dis- 
cusses basic pneumatic systems and 
shows how they can be modified to ob- 
tain various types of operational control 
and sequence. 


Universal Control Shafts 


Remote control by mechanical means 
through rotating shafts is often more 
simple, direct and positive than any 
other possible means. The most satisfac- 
tory shaft control makes use of conven- 


tional universal joints. The possibilities 
of design of such shaft controls and their 
limitations are illustrated on page 194 
by A. R. Kligman, M. L. Bayard & Com- 
pany, who is familiar with many ship- 
board applications. 


Cooling Computations 


Design of equipment requiring pro- 
visions for cooling by oil-hydraulic ap- 
paratus can be done with lower factors 
of safety as a result of the development 
of formulas that give a more accurate 
estimate of actual service requirements. 
An outline of the mathematical tools for 
solving such problems is given on page 


151 by H. W. Hamm. 


Glass Jewel Bearings 


Wartime development of techniques 
for molding hard glass into jewel bear- 
ings eased a threatened critical situa- 
tion in supplying bearings for precision 
aircraft instruments. An article on page 
170 reviews events leading to develop- 
ment of the new techniques and empha- 
sizes the successful results obtained. 


Polythene 


An outstanding example of how Amer- 
ican industry is making use of all pos- 
sible materials where they will serve 
best for war equipment is the develop- 
ment of polyethylene. See page 202 for 
a discussion of the properties, character- 


== WHAT'S COMING = 


Designing for Interchangeability 


Regardless of source, main components of British aircraft are 100 percent 


interchangeable. Under direction of the Ministry of Aircraft Production, inter- 
changeability is coupled with the design function as soon as the artist’s sketch 
for a new aircraft is approved. First, interchangeability affects decisions con- 
cerning how the structure shall be divided into transportable and easily replace- 
‘able sections fastened only with bolts or screws. Second, interchangeability 
specialists work wth component designers, establish clearances and dimensions 
according to the limits of shop practice and R.A.F. service needs. Pre-planning, 
according to this system, reduces the number of planes on the final assembly 
line, and—what is more important—permits repair of action-damaged planes 
in a few hours by the use of only hand tools, even at points remote from repair 
depots. British practice in designing for interchangeability will be presented in 
the lead article in the April issue. 


Special Section: Light Metals 


Armament requirements of lightness and strength, coupled with increased 
knowledge of fabricating processes, have led to many new applications of 
magnesium and aluminum. To aid the engineer studying possible uses for light 
metals in post-war designs, Propuct ENGINEERING has prepared a special 16- 
page insert to appear in the April issue. The special section presents in concise 
style the types and characteristics of aluminum and magnesium alloys, stressing 
application possibilities. This is the seventh in a series of special reports appear- 
ing every other month on progress in materials, parts and processes. 
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istics and applications of this materia] 
known commercially as Polythene. 


Primary-Exposure Reproduction 
of Templates 


Two methods of reproducing tem. 
plates by X-ray activation of fluorescent 
loft boards have been developed in re. 
cent years. They have come to be known 
as primary-exposure (fluorescence) and 
after-glow (phosphorescence). The 
third article in a series discussing all 
phases of template reproduction appears 
on page 190 and is devoted to the pri. 
mary-exposure method. 


Induction Heating 


Another important use for electronie 
power takes the form of induction heat. 
ing equipment. Extensively used in heat. 
treating and surface-hardening, induc. 
tion heating is applicable to brazing, 
soldering, welding and melting of 
metals. On page 182, some of the basic 
features of this form of heating are ex 
plained. 


Brakes for A.C. Motors 


With W.P.B. restrictions placed on 
the use of d.c. motors, the desire to ob- 
tain braking characteristics with squir- 
rel cage and wound-rotor motors simi- 
lar to those which are inherent in de, 
motors has become stronger than ever, 
L. H. Berkley, electrical engineer, see 
page 197, reviews several electrical 
methods and arrangements for braking 
a.c. motor driven machines, with a 
recommended procedure for selecting 
brakes to suit expected torques. 


Truss-Type Fuselage Analysis 
And Graphical Solution 


It is obvious that to design an airplane 
structure, it is necessary to know the 
loads which will be imposed upon the 
structure in order to determine the size 
of the members as dictated by the con: 
ditions of loading. See page 185 for 
graphical solutions based on the method 
of joints, for finding weight, load and 
inertia reactions in the members of a 
truss-type fuselage. The article was writ- 
ten by Gail Swan and Richard H. Gade 
of the Structures Group, Kaiser Cargo, 
Inc., Fleetwings Division. 


Method for Estimating Shear 
Modulus of Elasticity 


When designing and proportioning 
parts that are to be loaded in torsion, it 
is sometimes difficult to find test data 
covering the shear modulus of elasticity 
for many materials. This property, see 
page 215, can be readily estimated using 
the method outlined by L. E. Welch, of 
the research and development labora 
tories, Bakelite Corporation. 
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Versatile fighting. power is incor- 
porated in the Junkers 88 medium 
bomber which was captured intact 
by the Allies and is now under 
critical study by Army Air Force 
engineers at Wright Field. The Nazi 
plane’s design makes it a potent 
war machine capable of use as a 
dive bomber and night TAY 


U. 8. Army Air Forces 


German and Japanese Planes 


Show Progress in Design Detail 


Summary of trends in the engineering of enemy aircraft, ATE models of enemy aircraft, captured re- 
cently and brought to this country for 
careful study by U. S. Air Force engi- 
German Focke-Wulf 190 and the Junkers 88. Current noora, bond to sasuup egusutisa OURS E Sue 
a long war, with its consequent shortages in man- 
Practice and developments in engines, controls and ma- power, machinery and materials, will have on 
k German and Japanese aircraft design. It can be 
terials are emphasized. This article was prepared with summed up in this fashion: The design of enemy 
planes appears to be improving with each new 
model. 
der Brig. Gen. Franklin O. Carroll, and the Technical The new Focke-Wulf 190 fighter and a recent 
Junkers 88 twin-engine bomber now under 
Data Laboratory supervised by Lt. Col. J. M. Hayward. study incorporate interesting design refine- 


a exemplified by new models of the Jap “Hamp,” the 


cooperation of the Wright Field Materiel Command, un- 
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Army Air Forces 


Captured Focke-Wulf 190 ready for first-hand study by the Army Air Force. One of the newest German 
fighter planes, this Focke-Wulf is powered with a 1,800 hp., double-bank, air-cooled radial engine. 


ments. The “Hamp” Japanese plane is 
superior to the earlier “Zeke” model. 
The “Zeke” is erroneously and popu- 
larly known as the Zero. 

Nazi planes have always been de- 
signed for high performance and there 
is no evidence that plane performance 
is being sacrificed because of critical 
shortages of material. Considerable 
amounts of vital alloys are still being 
used. German designers obviously take 
into consideration ease of maintenance 
and repair to obtain maximum opera- 
tional life from each plane. Simplified 
maintenance permits use of semi-skilled 
ground crews. 

Japanese engineers, on the other 
hand, do not seem to give too much 
thought to maintenance problems. For 
example, the wings and front part of 
the fuselage on the “Hamp” and “Zeke” 
are integral. Wing damage is difficult 
to repair and often necessitates replace- 
ment a major portion of the plane. 
There is strong evidence that the Japs 
have great reservoirs of manpower avail- 
able for mass-production of aircraft. 


Engine Progress 


In contrast to previous German prac- 
tice of relying on liquid-cooled en- 
gines for fighter planes, the Focke-Wulf 
190 is powered with a 14-cylinder, 
double-bank, air-cooled engine of about 
1,600-1,800 hp. that incorporates some 
interesting details. As in earlier Nazi 
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engine design, fuel is injected. Engine 
cooling is assisted by a twelve-bladed 
fan driven directly from the propeller 
reduction gears at 1.72 times the crank- 
shaft speed, Front and rear halves of 
cylinder heads are cooled by separate 
streams of air. The engine is installed 
as a complete unit with accessories and 
is connected to the airframe through 
self-aligning joints. With the 
plant a complete unit, field servicing 
and replacement is considerably 
speeded, In certain German aircraft, 
an engine can be replaced in about 
20 minutes. 

Japanese aircraft engineering is defi- 
nitely behind in high-power engine de- 
velopment for understandable reasons. 
The nation’s aircraft industry is rela- 
tively new and has had little time for 
research and the building up of an 
experience backlog. Japanese automo- 
tive engineering in peace time was al- 
ways under par as compared with the 
rest of the world, and this has had a 
profound effect on engine progress in 
the aircraft field. To compensate for 
low horsepower, the Japs make their 
planes extremely light. An article in 
Propuct ENGINEERING, September, 
1942, page 504, discussed Japanese re- 
search at some length in connection with 
the early “Zeke.” 

Obviously, many Japanese engine de- 
tails are copies of American designs, 
combining the best features of several 
American planes. Noteworthy, how- 


power 


ever, is the fact that the Japs improve 
as they copy. Slight changes in 
design often prove advantageous. The 
latest plane, the “Hamp,” is powered 
with a Nakajima Sakae 21, a new 
version of the Nakajima Sakae 12, hav. 
ing a reduced over-all diameter. Per. 
formance is improved through refine 
ment of details, and the addition of a 
two-speed blower. A larger impeller is 
used in the supercharger. Also, the 
propeller reduction ratio has been al- 
tered. The Jap design has 12 planetary 
gears instead of the six previously used 
in their copy of the Hamilton-Standard 
propeller. 

Japanese design has begun to show 
signs of German influence, but whether 
this is attributed to the presence of Ger 
man technicians or the use of actual 
Nazi units is not clear at present. A 
liquid cooled engine—a new departure 
for the Japs—powered a recent fighter 
plane. The engine incorporated fuel in 
jection, a German standby. The injec 
tion unit is a Japanese-made copy oÍ à 
German design. Other design details 
also show Nazi earmarks. 


General Design Considerations 


As mentioned previously, ease of 
maintenance and replacement are prime 
factors in Nazi aircraft design. Planes 
are provided, as in the case of the Focke 
Wulf, with plenty of inspection panels 


and easy-to-replace accessories. / 
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Latest Japanese fighter—the “Hamp” can be operated as a land-based or carrier-based aircraft. 


U. S. Army Air Forces 


This 


plane, an improvement of the earlier “Zeke” model, is now being carefully analyzed at Wright Field. 


controls are easily accessible. The in- 
strument panel is a two-piece assembly, 
the top part housing primary flying and 
engine instruments; the lower part 
carrying secondary instruments. Instru- 
ments are designed for simplicity and 
ease of use. The Focke-Wulf has been 
dubbed the “push-button” plane since 
all controls are electrical: Landing gear, 
flaps, tail-plane incidence and booster 
pumps. Propeller pitch is varied elec- 
trically by manual switching, and hy- 
draulically by governor control, through 
an epicyclic gear train. The engine is 
fitted with a two-speed supercharger 
having two servo-operated _ plate 
clutches, and controlled automatically 
with relation to throttle position. One 
handle controls propeller pitch, mixture 
and throttle through a special mechan- 
im. In the Junkers 88, the liquid- 
cooled engines are housed in circular 
cowlings, with cooling controlled by 
electrically-operated gills of the type 
used in radials. 

Time-saving, quick-disconnect fittings 
are used in the Junkers hydraulic sys- 
tem at connections in firewall and in 
wings and fuselage. Joints in push-pull 
tube and control cables are also of 
the quick-disconnect type. The lever 
arms of the push-pull system have ser- 
tated sides which permit positive angu- 
lar adjustment. This plane is fitted 
also with unusually adequate removable 
panels and access doors. The inspec- 
tion doors are fastened with screw- 


driver-actuated toggles. Wing panels 
are attached to the fuselage by four 
self-centering ball joints which trans- 
mit shear and moment loads. 


Automatic Dive Recovery 


Of interest is the pull-out mechanism 
which automotically controls recovery 
from dives. This device is connected 
to the trim tabs. After the pilot has 
aimed the plane, he pushes a button, 
which operates a relay causing the trim 
tabs to bring elevators up and pull 
the plane out of the dive. At the same 
time, dive brakes are automatically re- 
tracted and bombs are released. 

Another feature of the Junkers is that 
the front part of the wing is used as a 
hot-air duct for de-icing. Warm air is 
scooped from behind the engine radia- 
tor and carried past the exhaust stubs 
where it is warmed further. The hot 
air passes along the entire span and 
is discharged into the wing 
at the wing tip, although provision is 
also made for free discharge into the 
air. A secondary advantage of the 


interior 


slight increase in wing temperature is 
to insure smooth operation of control 
systems at high altitudes. 

There is definite improvement in the 
details of new Japanese planes, al- 
though the Japs do show occasional er- 
ratic tendencies in design. For instance, 
considerable thought is given to saving 
weight, yet the Japs occasionally will 
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use heavy castings for support struct- 
ures. Cockpits are poorly arranged and 
crowded. However, the “Hamp” is of 
generally good design, has a range ef 
about 1,400 miles with extra fuel tank. 
The plane is obviously designed for 
mass production. The fuselage is in 
front contains the 
pilot’s station and all accessories and is 


two sections. The 


integral with the wing which is built of 
two continuous cantilever spars. The 
rear fuselage is secured to the front 
section with 80 bolts at a butt joint. 
The general structural design of the 
plane is light but not weak, as is er- 
believed. The Spars are 
aluminum extrusions. Japan has evi- 
dently built up plant capacity for ex- 
truding aluminum. A typical extrusion 
used as a spar was made of an alumi- 
num alloy containing 2 percent copper, 
8 percent zinc, 1 percent magnesium, 
and 0.5 percent manganese, having a 
tensile strength of about 70,000 lb. per 
sq. in. according to recent tests. 


roneously 


Trends in Materials 


Both German and Japanese planes 
show evidence of first class metallur- 
gical knowledge in the development and 
application of alloys. German planes 
make extensive use of manganese and 
chromium steels for highly stressed 
parts. Numerous die-castings of mag- 
nesium are also found. On the non- 
metal side of the picture, there are 
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interesting applications of plastics in 
Nazi planes. Such plastics are usually 
fabric- or paper-base phenolics, except 
of course the transparent plastics used 
for turrets and blisters. In such appli- 
cations, the plastic is thermoplastic 
methacrylate. 

In the Focke-Wulf planes, most ma- 
terials for highly stressed parts are 
electric arc steels of high standard. 
Undercarriage struts are made from one 
percent chromium-molybdenum steel. 
An interesting feature is the use of a 
2 percent manganese steel containing 
0.2 percent copper for welded brackets 
in the hollow engine mounting ring. 
The tail wheel fork is a welded struc- 
ture, heat-treated as a complete unit 
after welding. 

A steel containing one percent man- 
ganese with 0.6 to 0.9 percent chromium 
with small percentages of molybdenum 
or vanadium has been used to replace 
a 1 percent chromium, 0.25 molyb- 
denum steel in some parts. The engine 
mount is a built-up welded structure of 
chromium-molybdenum tubing. This 
structure was evidently not heat-treated 
after welding although it was stress- 
relieved. 

Spar flange material in the Focke- 
Wulf is high-strength dural, and the 
skin covering spar webs and bulkheads 
is an Alclad type aluminum. The oil 
cooler is constructed of soldered brass 
tubes. Supercharger intake grids are a 
built-up assembly of copper-coated, cor- 
rugated-iron sheets furnace brazed to- 
gether. 


Extruded Sections Used 


In the Junkers 88, main spars are 
composites of extruded T-sections and 
extruded rectangular sections. These 
are strengthened by steel inserts near 
the ball joint attachments and by sheet- 
formed, hat-section reinforcements riv- 
eted to the webs between ribs. The wing 
leading edge is of the permanently at- 
tached type with flush riveted skin. Use 
of the front section of the wing as a 
heating duct was previously described. 
This plane also incorporates a number 
of magnesium castings in the landing 
gear assembly. 

As mentioned, the plastics most used 
in German aircraft are generally of 
phenolic paper or fabric-base type. 
Pulleys are of composite construction 
in which macerated fabric-base phenolic 
serves as the body and laminated sheet 
material is used for the pulley faces. A 
crank handle was machined from lami- 
nated fabric tubing which incorporated 
a steel insert for a bearing surface. 
This construction should be more re- 
sistant to corrosion than the usual metal 
handle. Molded plastics serve as clamps 
in this plane. They are molded in two 
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Junkers 88 is powered by liquid cooled engines. A circular cowling is built around 
each engine. Electrically operated gills of the type used in radials control air flow. 


pieces, using macerated phenolic fabric Of particular interest is the effort 
material. Both halves are molded with German engineers have made to speed 
semi-circular grooves. Assembly holes production through the use of stam 
are molded in. A flexible rubber base dardized width and height dimensions 
material is placed between the clamp on plastic moldings for electrical bases 
and metallic lines. Friction plates are and sockets. Another device to speed 
laminated fabric sheets slotted for con- production is the use of laminated fabric 
trol handles. Engine and other control sheets in which metal inserts and wash- 
levers are worked in these slots. The ers are incorporated. | 
slotted plate provides some degree of The acrylic materials used for wit 
frictional resistance and also serves as dows are similar to the acrylics used 
an electrical insulator. . on British and American planes. Of 
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Instrument panel of the Focke-Wulf 190 is a two-piece assembly. Primary flying and engine instruments are located in the top 


part. 


note are the cockpit windows on the 
Junkers. The plastic is inscribed with 
lines that indicate limiting diving angles 
to the pilot. Different colors of line give 
visual indication of safe and dangerous 
dive angle, and also serve to give the 
pilot quickly the proper correction to 
be applied when dive bombing and in 
releasing bombs at different angles of 
dive attack. 

The bombardier’s window 
structed of laminated-glass 


is con- 
sections 


Secondary instruments are mounted in the lower part. 


bonded with an acrylic filler. This is 
probably unsatisfactory in service since 
the plastic is too elastic, too thin and 
has relatively poor adhesive properties. 


Natural Rubber Utilized 


Recent reports have shown that there 
is no evidence of economy in the use of 
natural rubber by Nazi engineers in 
essential equipment such as tires, cer- 
tain airplane parts, and fuel tanks. In 
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Such construction makes for ease of flying. 


fact there is a definite trend back to 
the use of natural rubber for tires. This 
may be accounted for through an in- 
crease in supply, probably through 
blockade runners, or service troubles 
with synthetic compounds. 

Vibration mounts also utilize natural 
rubber, bonded to brass plating on the 
mounts. This may indicate that the 
Germans have had trouble in securing 
adhesion of synthetic rubber to metal, 
or may indicate that synthetic is un- 
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U. 8S. Army Air Forces 


Plastic parts used in the Junkers 88 are principally phenolic paper-base or fabric-base types, with the exception of turrets and 
greenhouses which are acrylic. Laminated phenolic material is used for control pulleys, handles and tubing clamp devices. 


tends to 
under repeated flexure. On simpler 
vibration mounts, where loads are light 


suitable because it heat up 


and no adhesion is necessary, the Ger- 
mans use synthetic rubber compounds. 

German aircraft fuel tanks have had 
uncompounded natural rubber as the 
sandwich filler for bullet-proofing, as in 
our designs. One or two examples have 
recently found 
treated 
Some savings on rubber are made in 
The 


as a secondary insulating medium. Pri- 


been where a soluble 


synthetic or reclaim is used. 


electrical wiring. rubber is used 
mary insulating properties are supplied 
by cellulose acetate, viscose foil, im- 
pregnated paper or molded beads. The 
rubber in such applications is largely 
oil-resistant perbunan, occasionally 
polyvinyl chloride or buna S. 
Extensive application is made in the 
Junkers 88 of protective paint films laid 
on in heavy coatings on both interior 
and exterior surfaces. Parts are finished 
in detail and a final finish coat is placed 
on after assembly. The finishes used are 
of the rosin or glyceryl-phthalate types. 
No phenolic or cellulose nitrate coat- 
ings were noted. Magnesium parts only 
are protected by zinc chromate primer. 
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Heavy paint coatings are used in the 
plane for the probable purpose of avoid- 
ing bare metal surfaces and the pos- 
sibility of dangerous sparking. 


Enemy Design Constantly 
Improves 


Continuing study of Axis plane de- 
sign, and captured models such as these 
three recent Axis aircraft confirms the 
previous conclusions of our engineers 
that Berlin nor Tokio intends 
to let down standards of performance of 


neither 


their primary defense weapon, the air- 
plane. If material shortages occur, 
essential services such as the air arm 
will be the last to feel curtailment. If a 
certain alloy steel is no longer available, 
immediate study is made of other alloy- 
ing elements, and the design built 
around the physicals of the new alloy. 
Meanwhile research engineers contin- 
ually study possible design refinements 
that will simplify production and re- 
quire a minimum of maintenance time. 
Interchangeability is highly stressed. 
There is little doubt that Japan’s air- 
craft engineering will continue to im- 
prove. Japan has a tremendous labor 


reserve, and can mass-produce planes. 
And it must not be forgotten that, al- 
though her designs are out-dated as com- 
pared with ours, she still gets tre- 
mendous striking and defensive power 
out of her aircraft. 

Versatility is another feature of Axis 
aircraft. The “Hamp” Zero is used both 
as a land-based and carrier-based 
fighter. The Focke-Wulf 190 is designed 
to serve as an interceptor or as a light 
bomber when required. The Junkers 
88, perhaps the most versatile, serves as 
dive bomber, medium bomber, and night 
fighter. Concentration of its aircraft 
industry on a minimum number of vari- 
ous models has helped Nazi Germany 
to maintain fair production of aircraft 
despite the frightful attrition caused by 
Allied bombing raids. The effect of 
similar attacks on Japanese plane pro- 
duction will not be known for some 
Nevertheless, German and Jap- 
anese engineers will continue to try to 
out-design the Allies. They have not 
succeeded so far, but it is well for us 
to admit that their engineering is sound 
and that they have not yet reached the 
point of stagnation in their aircraft de- 
sign thinking. 


time. 
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Computations for Cooling 


By Oil-Hydraulic Means 


H. W. HAMM 


Design calculation data are given for cooling equip- 


ment for hydraulic 


pumps and couplings. 


transmissions, 


bearings, oil 


Formulas are intended to 


enable engineers to deal accurately and readily with 


the more common thermodynamic problems. 


F A machine element is costly, or if, 
regardless of its own value, other 
large values depend on its unbroken 

continuity of service, great care must be 
taken in designing accessory protective 
equipment to assure safe, continuous 
and efficient operation. Under these con- 
ditions it is customary to apply large 
factors of safety, especially when reli- 
able test data are not available and it 
is necessary to rely on intuition and 
experience. 

This has often been necessary in de- 
veloping cooling equipment for oil- 
hydraulic machine elements such as 
bearings, oil pumps, hydraulic trans- 
missions and couplings. In oil-hydraulic 
work more than in other fields a large 
factor of safety is disadvantageous. 
Ordinarily a factor of safety merely in- 
creases size and cost of equipment. In 
designing cooling equipment for oil- 
hydraulic work, however, it also reduces 
oil temperature and increases oil vis- 
cosity. This increases friction with a 
consequent loss of efficiency. 

In eliminating the element of uncer- 
tainty from heat-transfer calculations 
and in basing calculations on recent de- 
velopments in the conception of heat 
transfer. a better degree of accuracy 
can be obtained now than was possible 
a few years ago. The factor of safety 
can be lowered, over-all efficiency im- 
proved, and cost of oil-hydraulic equip- 
ment reduced. 

In order to accomplish greater ac- 
curacy of heat-transfer calculations, 
tables of formulas were compiled from 
McAdams’ book “Heat Transmission.” 
The collection of formulas presented 
here is usually sufficient for oil-hy- 
draulic engineers having few thermo- 


Fig. 1—Typical oil cir- 
culation diagram for 
bearing lubrication. 


dynamic problems They enable calcu- 
lation of the amount of oil, the pipe 
size and the cooling area. In addition, 
tables printed in PRODUCT ENGINEERING, 
July, 1943, p. 464—466, give friction 
head in the pipe line and the required 
horsepower for pumping the oil through 
the cooling system. 

Determination of required cooling 
surface for either air or water cooling, 
the required amount of circulating oil, 
and fluid velocity and pipe size is the 
basis for design. Often the equipment 
consists only of a cooling coil sub- 
merged in water, an oil-circulating 
pump and essential fittings and valves. 
Where water is available in only small 
quantities it may be well to investigate 
air cooling. 

If air cooling can be used, the cooling 
area can be increased by welding or 
casting ribs or fins on cooling coils. 
Such elements must always be applied 
on the side of the heat transfer wall that 
has the greatest resistance to heat trans- 
fer. That is the side touched by air, or 
in water cooling the side touched by 
oil. For the same reason it is advisable 
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to have the oil flow inside the pipe for 
air cooling and outside the pipe for 
water cooling. This method is used in 
commercial oil-cooling equipment. 

A specific heat-transfer problem from 
oil to air in a bearing application was 
investigated experimentally by Karelitz 
and reported in A.S.M.E. Transactions, 
1942, p. 463 and 1930 Transactions, 
APM-52-5. Over-all heat transfer co- 
efficients derived in tests and 
given in accompanying table are suffi- 
ciently accurate for most applications. 
However, they apply under strictly lim- 
ited conditions, which can be determined 
by comparing the over-all coefficient 
found by Karelitz with the Williams’ 
formula for heat transfer between 
spheres and air. This formula is stated 
on p. 237, McAdams “Heat Transmis- 
second edition: 


these 


sion,” 
h = 0.33 È (N a)” (1) 

33-5 C 
This shows that the heat-transfer co- 
efficient h is a function of temperature 


and Reynolds number. It can be safely 
assumed that the over-all coefficient of 
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Fig. 2—Heat-transfer coefficients for the transition stage between 
laminar and turbulent flow inside pipe of inside diameter D. 
Martinelli, Boelter, Weinberg, Yakahi—A.S.M.E. Transactions, 
Oct. 1943. Fig. 3—Recommended curve for estimating h for 


heat transfer for bearings and other oil- 
filled containers is also a function of k 
and N,. This limits the Karelitz coefh- 
cient to bearings of one size with 2,000 
sq. in. surface area, room temperature 
of 70 deg. F., the two given air veloci- 
ties and conventional surface finish. 

By substituting the area of the sphere 
for the diameter in the Williams’ equa- 
tion and assuming a constant kinematic 
viscosity of air of 0.564 sq. ft. per hr. 
the coefficient for heat transfer be- 


comes: 
e: (: y" _ 0.33 x? k 
g”? (D?)°? 
033 2k O kt 
0.56406 A0? 1.71 A®? 
This equation indicates that with 
normal room temperature and surface 
finish, over-all heat-transfer coefficient 
U for oil-filled metal containers changes 
in proportion with (4,/A4.)°*. Using 
the Karelitz test figure U, = 5.9 for 
A=13.9 sq. ft. and air velocity v = 
30,000 ft. per hr. the over-all coefficient 
for any heat transfer surface area A can 
be determined from the equation: 


U = U. ( y 3) 


and may be called a modified Karelitz 
coefficient, which is limited to the value 
of A that is used in computing it, to 
room temperature and the two velocities 
given for U,, the Karelitz test figure. 
In oil-hydraulic applications for out- 
doors, airplanes, wind turbines, and 
other applications involving high wind 
velocity and varying temperatures, it is 
also possible to arrive at a satisfactory 
solution for the heat transfer from hous- 


sa) 
(2) 


— Et 
E 
LA CEEE FEHI rti 


100,000 fe 34 661 


table. 


ings for oil-hydraulic apparatus to the 
air by using the Karelitz figure U, = 5.9 
for 500 ft. per min. air velocity and com- 
paring it with the heat-transfer coeffhi- 
cient h obtained by the Williams equa- 
tion. 

For a spherical area of 13.9 sq. ft., 70 
deg. F. air temperature, conventional 
surface finish, and 500 ft. per min. wind 
velocity, Equation (2) gives: 


0.01 0-6 
— 0.015 X (500 X 60)" _ 9 5 
1.71 X 13.902 


B.t.u. per hr. per sq.ft. per deg. F. 


Evidently the heat-transfer conditions 
for bearing housings are better than for 
the spheres investigated by Williams be- 
cause U, = 5.9 B.t.u. per hr. per sq.ft. 


Ft. 


on 
° 
° 
° 
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Fig. 4—Reciprocal values of kinematic 
viscosity of air at atmospheric pressure. 
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234 6810 


234 680° 2 34 6 810% 


o max. 


Af 


heating or cooling fluids flowing outside and across staggered 
banks of tubes 10 rows deep. When number of rows is less 
than 10, multiply h by factors f, Part 5 of accompanying 
Use 0.8 times h for in-line banks. 


per deg. F. Using the ratio U,/h = 2.34 


and substituting U, = in Equa- 


H 
AAT 
tion (2) a general formula for heat 
transfer can be obtained: 


= 1.37 k v$ A%s A T B&t. u. per hr. 


This formula should give sufficiently 
accurate results for all conditions of 
heat transfer from oil-filled metal con- 
tainers with conventional finish to sur- 
rounding air. Temperature gradient be- 
tween the surface and air is slightly 
lower than between oil and air. For 
bearing design this can be determined 
from Fig. 4, p. 424, July 1943, Propuct 
ENGINEERING. 

In the table the absolute viscosity used 
to determine the Prandtl number has 
a different value and dimension than 
the absolute viscosity used to determine 
the Reynolds number in the Reference 
Book Sheets of July, 1943, Propuct 
ENGINEERING, because in hydraulic en- 
gineering the absolute viscosity is 
obtained by multiplying kinematic 
viscosity by mass-density. In thermo- 
dynamic calculations absolute viscosity 
is the product of kinematic viscosity 
and unit weight. which is also called 
weight-density. It seems unfortunate 
that two values of different dimensions 
and definition should both be called 
“absolute viscosity.” It would avoid 
confusion and errors if one were named 
“absolute mass-viscosity” and the other 
“absolute weight-viscosity” and if dif- 
ferent symbols were used. In the table 
“Absolute Weight Viscosity” is given 
the customary symbol for absolute vis- 
cosity but a subscript “W” is added. 
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WARTIME DESIGNS 


Hydraulic Machine Speeds Back-Spotfacing 
Of Cylinder Barrel Bolt Holes 


LOW, tedious back-spotfacing operations on cylin- cutters. Safety interlocks prevent machine operation 

der barrel flanges have been eliminated through until all drivers are fully engaged. 
the development of a multiple-spindle hydraulic ma- Main drive motor, furnishing 74% hp. at 1,200 r.p.m., 
chine which spotfaces 20 bolt holes in one set-up. delivers power through V-velts and gear box to drive 
Production rate is 26 or more cylinder barrels per shaft which rotates at 35.5 r.p.m. Cutter driving pins 
hour. Designed and manufactured by Snyder Tool & operate at 188 r.p.m. Driving head is mounted on 
Engineering Company after considerable study of the bronze bushings supported on a rigid cast frame. 
complex machining requirements of the part, the ma- Coolant pump and reservoir are located in machine 
chine has cutter heads mounted in hydraulically actu- base. Hydraulic pump is driven by two hp. motor, 
ated tool slides. The cutting tools are rotated by through flexible coupling. All piping, motors and 
driving pins which make positive engagement with the controls are easily accessible for servicing. 


Handwheel and shaft for Driving Belt drive 
manual rotation of spindles. /head 
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moves 
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CUTTER MOUNTING 
DETAIL 


/ 
Cutter life 
adjustment 


Too! slide 
hydraulically 
actuated 





(Cylinder barre/ 
| fo be machined „Cutting 


' °° ° 
„Driving spindle 


eN _ 
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r77zzzxzzz Fi 


ASA WAY 
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40 
As, 4 feed approx. 


É 5Spring loaded cutter retainer 


“Position of cutter before fool 
slide moves into position 


Spring-loaded 
plunger contacts 
micro -switch-- 


If driving 
pins are not 
engaged com- 
pletely, cup is 
cocked and 
micro-switch 
opened, 
preventing 
machine 
operation 


Driving spindle” 


CUTTER DRIVE AND 
SAFETY INTERLOCK 


Loca ting 
bushing 


-- Bushing 


plate Cylinder barre/ 


Support 


WORK SUPPORT DETAIL 
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WARTIME DESIGNS 


Cutting tools are mounted in sets of 
five on hydraulically actuated tool 
slides, which move away from the work 
to facilitate loading. A spring-loaded de- 
tent holds each cutter in position. A po- 
sitioning device permits adjustment of 
individual cutters for wear. Because 
of space limitations and heavy loadings, 
it was necessary to mount the cutters in 
plain nitrided steel bushings. 


---—Micro-switch 


-Twin ball 
£ bearing 


Main-drive 
shaft, 


~~ Gearing fo 
driving pins 


Driving spindles are moved forward 
manually into engagement in cutter 
heads by means of crank-operated rack 
and pinion. Main drive shaft can be ro- 
tated manually until drivers are fully 
engaged in cutter heads. Should any 
driver fail to seat, a spring-loaded 
plunger will hold a micro-switch open, 
preventing machine operation. This is 
done by means of a lip on the spindle 
which contacts a cup, spring-mounted 
on the main drive shaft. Movement of 
the cup lifts the plunger. A locating 
stud is provided on the work support 
arbor for accurately positioning the 
cylinder barrel to be machined. 


(Continued on next page) 
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< E ma 
operafea 
tool slide 


Leading position js shown at left, 
loaded position at right. Tool slides 
move outward hydraulically for easy 
loading of the cylinder barrel on the 
work support. Work is positioned ac- 
curately by the locating stud and 


Safety 


Hydraulic System 
for Tool Slides 





Metering 
valve ---> 


Solenoid | 


valve ->f sr T Wsz] 


| Tank 


HYDRAULIC 
AND ELECTRIC 
CIRCUITS 


-Hy araulic 


Hydraulic System 
for Work e. 


clamped in place by the counterbalanced 
lock arm. The circuit closes and the tool 
slides move inward. Driving spindles 
are then engaged in cutter heads, and 
seated accurately. The automatic cycle 
rotates the tools under power and feeds 


Safety on fools 


i Start 
Stop 
Tools in 
Tools out 
Em. ret 
Cycle 

Pushbutton 

Station 


, Tools engaged 


/ Tools re leased 


ç = 
Auli mi = 


Spindle 


Fuse) 
Start 
- Solenoid i, 8 
valve H 


/Tools 
released 


MSS MS9 


Re Emergency 
Cycle return 
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lief valve 


3 |2 


pumping unl ‘Ft 


Supply 


Time 
delay 
MS6 


#varaufíc 
motor pump motor 


Stop 


the cylinder head against the cutters, 
After making full depth of cut, the 
tools dwell in the work momentarily to 
insure a smooth, machined surface. Cir. 
cuits are shown below, with hydraulic 
units in same position as on machine, 


SEQUENCE OF OPERATION 

Load and clamp part 
Move tools in 
Move spindle drives into place 
Cycle moves part into tools 
and returns it 
Remove spindle drives 

WI Remove tools 

Vil Unclamp and remove part 


Tools 


\ Coolant out 


pump motor 


YN 440 volt transformer 


6 


_170!s in 


Tools out 
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Electronic Circuit 
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d.c. motor 

for reversa! 
of paper` 

edge move- 
ment 


Valving-“ 
network 


Amplifier 
pentode, 


Maintains Edge-Control 


On Moving Strip 


IMPLIFIED CIRCUIT for electronic 

edge control that works without 
touching the material or relying on mov- 
ing parts is shown at right. Control was 
developed by Westinghouse Electric & 
Manufacturing Company. The filament 
of the exciter lamp is heated to incan- 
descence by power from the filament 
transformer. One lens provides a beam 
of parallel light, a second lens converges 
the parallel light rays onto the photo- 
tube cathode to a spot with a diameter 
not exceeding the width of the cathode 
element. 

The paper edge obstructs a portion of 
the parallel rays. As a consequence, 
movement of the paper edge across the 
light beam results in a variable illumin- 
ation on the phototube cathode. Photo- 
tube conductivity varies inversely with 
the area of paper in the light beam. 

Since the phototube conductance is a 
variable, the voltage which exists across 
resistor Æ is also variable, and the vari- 
ation is inversely proportional to the 
area of paper in the light beam. Further, 
the control grid of the amplifier pen- 


tode is connected to the junction be- 
tween the phototube and resistor. 
Therefore, the anode current of this 
tube varies inversely with the voltage 
across the resistor. Resistor B in series 
with the anode of the pentode tube is so 
chosen that the voltage between the 
anode and cathode of this tube is neg- 
ligible with maximum anode current. 

If paper edge completely obstructs 
the light beam, anode current is cut off, 
since at this time the grid of the pen- 
tode is negative with respect to the 
cathode. The resultant series voltage 
drop across resistor B is then zero, plac- 
ing the anode of the pentode tube posi- 
tive with respect to the screen. Con- 
versely, if the paper edge does not ob- 
struct the beam, the control grid of the 
pentode tube is positive with respect to 
its cathode, the anode of this tube then 
being negative with respect to the 
screen. 

The valving network connects the 
cathode of tube C to the junction be- 
tween two resistors when the anode of 
this tube is positive. The same is equally 
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true of tube D. Tube C rectifies when 
the paper edge obstructs the light beam, 
and tube D rectifies when the light beam 
is unobstructed. In either case, the grid 
of the complement tube is negative when 
a given tube is conductive. 

The armature of the d.c. motor under 
these conditions, operates from rectified 
a.c., and the polarity of this current de- 
pends on the conducting tube. The lower 
armature brush is positive when tube D 
is conductive and negative when tube C 
is conductive. Since the field of the 
motor is separately excited, the armature 
of the motor runs in a given direction 
when tube C is conductive, and in the 
opposite direction when the complement 
tube D conducts. 

The function of the d.c. motor is to 
reverse the direction of paper edge 
movement. Any tendency of the paper 
edge to move into or out of the light 
beam is immediately corrected by shaft 
rotation of this motor. The initial posi- 
tion of the paper edge in the light beam 
is dependent on the position of the po- 
tentiometer sliding arm. 
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New Type of Resilient Seal 
Simplifies High-Pressure Valve Design 


ONVENTIONAL TYPES of valve 

seal maintain sealing by means of 
a valve stem holding two accurately ma- 
chined surfaces in continuous and un- 
broken contact. Production difficulties, 
handling, damage, and dirt in practic- 
ally all conventional valves cause small 
amounts of seepage under pressure. In 
some types of hydraulic valves and air 
valves a resilient gasket is used between 
the mating surfaces to allow for irregu- 
larities and roughness in machining, as 
well as particles of dirt. This construc- 
tion is satisfactory on relatively low 
pressures. The resilient gasket or 
washer in the ordinary water faucet is 
generally unsatisfactory in obtaining an 
absolute leak-proof seal over a long 
period of time because frequent opera- 
tion and pressure causes crushing of 
gasket material and eventual failure. 
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Valves used in machine tool applica- 
tions and in airplane hydraulic applica- 
tions work in pressures as high as 
3,000 lb. per sq. in., generally averag- 
ing around 1,500 lb. per sq. in. At these 
high pressures a material resilient 
enough to conform to irregularities and 
scratches in machining will extrude and 
flow almost like a liquid; consequently 
the resilient material effecting the seal 
must be confined to prevent extrusion 
and damage. In addition to the physical 
characteristics of the sealing member 
the mechanical construction of the valve 
must be such that the higher the pres- 
sure the more effective the seal. This 
must be accomplished without increas- 
ing the crushing or destructive loads on 
the resilient material. A new T-section 
seal has been developed by Maytag en- 
gineers for such applications. 
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WATER FAUCET APPLICATION 


Dripless faucet construction for low- 
pressure systems, such as for household 
service, does not require a plunger 
which extends beyond the seal washer. 
In this design the seal is compressed 
when the face of the valve stem is tight 
against the valve seat. The maximum 
amount of compression depends upon 
the distance the seal extends beyond the 
valve stem face before squeezing ot- 
curs. No more compression can be ob 
tained after the valve stem comes in 
contact with valve seat, consequently it 
is impossible to damage the seal by 
further twisting on the faucet handle. 
To stop fluid flow, it is not necessary 
that the valve stem contact the valve 
seat, since a slight squeezing of the 
washer will form an effective seal. Water 
pressure acts on an internal cup surface 
so that there is no tendency to extrude. 

Many applications are possible for 
this type of valve seal in all types of 
fluid valves, including air valves. In 
fact, wherever it is necessary to obtain 
a simple valve seal which must not seep 
or leak, some form of this construction 
can be used with satisfactory results. 
Synthetic rubber materials are available 
for operation in ranges of from —15 
deg. F. to 175 deg. F. in one com 
pound. Ranges above 300 deg. F. are 
possible, and other compounds are ui 
der development which may carry oper 
ating range even higher. 
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Sequenee valve with new type valve 
val. Valve is tripped mechanically when 
mechanism exerts force on the extending 
portion of the valve stem. When valve 
stem plunger is raised, pressure at port 
A causes the seal to hang on the seat in 
the valve body. By allowing a portion of 
the valve plunger to extend into the out- 
let opening of the valve body the outlet 
clearance is held to a minimum until the 
valve seat seal has actually pulled away 
from the seat in the valve body and is, 
therefore, not in danger of extrusion. 
likewise when the valve is closed and 
the plunger is lowered a portion of the 
plunger enters the outlet opening of the 
valve, thereby substantially restricting 

flow and reducing the clearance 
where extrusion might occur, so that 
When the seal reaches the seat no extru- 
sion can result. The “T” section in the 
Valve seal is for the purpose of obtaining 
à good grip for withdrawing the seal 
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HYDRAULIC TIMING VALVE 


from the seat, even under high pressure. 

The sleeve is pressed to the valve 
plunger, locks the seal in position, and 
acts as a stop for the valve plunger, 
thereby limiting the amount of initial 
squeeze which can be placed on the seal. 
A spring holds the valve plunger down 
under neutral pressure conditions. In 
this valve, oil can flow from port B out 
port A at low pressure, but oil cannot 
pass from port A to port B unless the 
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z Plunger 
“>~0-ring seal 
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Position of plunger in 
minimum overtrave/ position 


valve is tripped by raising the plunger. 
Another advantage is that the valve stem 
can be subjected to vibration without 
leakage. In this particular valve it is 
possible to raise the valve stem as much 
as 0.020 to 0.025 in. before the valve seal 
breaks loose from the seat. Since the 
valve operates at 1,000 lb. per sq. in 
pressure, it is necessary to have a por- 
tion of the plunger extend into the valve 
outlet to prevent extrusion of the seal. 
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“"-—Flexible cable 
to oscillator 


Spot-gluer consists of a low-power 
ultrahigh-frequency oscillator, a flexible 
concentric cable, and an applicator of 
special design. An early form of this 
applicator consisted of a short length of 
concentric transmission line mounted on 
a phenolic block which formed the han- 
dle. The two electrodes used in the spot- 
gluer are the-inner and outer conductors 
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Inner conductor 


~~ Power trigger 


~""= Phenolic handle 


FIRST MODEL 





pro 

; few 
- Quarter-wave section -Added 

J of concentric line 


Insulator 
/ 


of a section of concentric transmission 
line. The outer forms “gun” barrel. 

Original gun consisted of a quarter- 
wave section of concentric transmission 
line with the hot lead of the connecting 
cable tapped on the inner conductor at 
the proper point to obtain an approxi- 
mate impedance match. This gun was 
about 12 in. long, and because of its un- 


*“Taeking” of thin sections of plywood, plastics, and othe 
industrial materials with “radio nails” is now possible with a 
special electronic hand tool developed by the Radio Cor- 
poration of America. The “spot-gluing” gun provides a dig. 
charge of high-frequency electric current which can b 
directed through a sheet of material, generating a quick and 
intense heat in its path. When two sheets of material an Ë Ha 
placed together with a coating of plastic glue between them, $ te 
induced heat from the gun forms a bond at the point of appli. Í me“ 
cation. This method replaces temporary stapling methods Ë iz 
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SECOND MODEL 
Ce 
wel 
“th 
met 
wieldiness required two hands for ac- a 
ac 


curate manipulation. In the second 
model, over-all length was reduced to 
about 5 in. The effect of an electrical 
quarter-wave was retained by placing a 
small inductance in series with the inner 
conductor and tapping on to this at the 
proper point for matching. This design 
can be adapted to many mountings. 





Flow of current between electrodes is indicated sche- 
matically. Since the dielectric constant of the wood is greater 
than that of air, most of the current flows through the wood. 
Moreover, since the glue line presents a lower-resistance path 
than the wood, there is a tendency for the current lines to 
concentrate in the glue. These effects produce a concentration 
of current in the glue line opposite the inner conductor. Some 
current is present in an area of the wood equal to the cross- 
section of the outer conductor. In the vicinity of the inner 
conductor the current concentration is sufficient to produce 
appreciable heating. The amount of heat produced in the spot 
is determined by the length of time that power is applied. 
The temperature required for tacking the glue is attained for 
thin veneers in about one second. Applying power for one 
and one-half to two seconds results in a completely set or 
cured spot. Electronic tacking reduces production time. 
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Cold-Coining 
Reduces Cost of Parts 








Washer for Fram oil filter 
reinforcement was required to 
conform closely to shape of fil- 


ter body. When welded it had 
to be pressure-tight. It was first 


. Handgrip bushing on the trigger frame of produced as a hot-forging, but 
om, Ë he 00 caliber machine gun mount was for- scale caused pitting of the pro- 
pli merly machined from bar stock. It is now be- jection-welding ring. Close 
da ing manufactured by Heintz Manufacturing tolerances could not be held 
` È Company as a cold-coined part from ¥2-in. without expensive machining 
steel rod. Three production operations are operations. Part is now pro- 
ysed; Coining, drilling, then facing off the duced cold by Larson Tool and 
prongs. Cost of the cold-coined part is only a Stamping Company in five 
few cents as compared with approximately $2 press operations, the heaviest 
for the machined bar-stock part, which re- press used being 1,000-ton size. 
quired a number of cutting and finishing oper- Center hole is produced by 
ations. Production time was greatly decreased. piercing in the final operation. 
. ° Y ° 4 . 
High-Altitude Combustion-Type Airplane Heater 
| 
| 
| 
Cempactmess, lightness in 
weight and ability to operate in 
“thin” air were design conditions 
met in the development of the 
ac. | Janitrol heater produced by Sur- 
ued face Combustion, Incorporated. 
š> | Other design requirements were 
cal | that the heater operate at both 
ng 8 high and ground levels, light at 70 
oni below zero and stay lit during 
the | Power dives. Unit burns high-oc- 
siga tane gasoline. and operates by 
Ë combustion of vaporized fuel in 


1944 


the center of a column of spinning 
air. Fuel enters the combustion 
tube through a spray nozzle ahead 
of the air inlet. Whirling action 
of the air is produced by intro- 
ducing it into the combustion tube 
langentially to the inner surface. 
Combustion air, controlled to suit 
particular aircraft application, is 
obtained from a scoop in the 
plane’s nose.’ “6r’ an auxiliary 
blower. Smallest model weighs 
about six lb., delivers 15,000 
Btu. per hr. on less than a gal- 
lon of gasoline. 
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WARTIME DESIGN NEWS 


Aerial Supremacy Race 


The Army Air Forces have taken over 
the Ordnance Department’s pre-emi- 
nence in the development of new weap- 
ons recently, and have caught headlines 
with numerous announcements of new 
planes, armament, fire control devices 
and other accessories needed to assure 
the United States aerial supremacy. 

While the jet-propelled fighter plane, 
which probably is in production now, 
has, because of its complete novelty, 
received most of the attention, it is not 
apt to be in action as soon as any or all 
of three other forthcoming fighters, on 
which little has been disclosed, the 
B-29, Boeing’s new Fortress, or any 
other new heavy bombers which may be 


under development although not yet 
made public. 

The three new fighters—in addition 
to the jet-propelled plane—the exist- 
ence of which is generally known are 
the P-61, Northrop night fighter which 
has been dubbed the “Black Widow,” 
the P-63, revealed by War Undersecre- 
tary Patterson, and the P-70, a Douglas 
twin-engine fighter. 

The P-61, which apparently is gen- 
erally similar to the P-38 in construc- 
tion but which may carry an extra man, 
became generally known by its in- 
clusion in, of all things, a comic strip 
drawn by an artist who was reported to 
have seen the plane in test flights. It 
is “heavily armored and armed and 
equipped with the latest devices” ac- 


cording to the Army’s close-mouthed 
release on the plane. Powered with 
two Pratt and Whitney engines, the 
plane has a fairly long range and 
“possesses effective speed and climb 
characteristics,” the Army adds. 


P-76 is Converted A-20 


The P-70 is of more orthodox cop. 
struction, an all-metal, high-wing, two. 
engine monoplane powered by 14-cylip. 
der, 1.600-hp. Wright engines with 
three-blade props. Its wing-span is 6] 
ft. 4 in., lensth 47 ft. 1 in. This two. 
place ship is probably the heaviest 
fighter yet, weighing 19,000 lb. Its 
speed is above 325 m.p.h., its ceiling 
above 25,000 ft. and its tactical radiys 
of action 400 mi. It mounts four 20-mm, 


Jap Two-Man Submarine Features Twin Torpedo Tubes 


Twe-man Jap sub, captured at 
Kiska, was part of the large amount of 
military booty which fell to our troops 
when they moved in on the Japs’ last 
stronghold on this continent. Although 
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the caption says this sub was damaged 
by U. S. bombs, position of the torn 
plate indicates an internal explosion, 
probably done by the evacuating Japs. 
Just visible on the left of the gaping 


” Photo by U. 8. Army Signal Cort 
hole are the breeches of the twin tor 
pedo tubes with the muzzles shown # 
the bow. To the right of the conning 
tower can be seen some air brush artit 
try of the Army censor. 
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cannon in the nose, is armored and has 
the latest leakproof fuel tanks and 
bulletproof glass cockpit enclosure. A 
radio operator is second man in the 
crew. The ship was converted from 
the Douglas A-20 attack bomber, with 
the forward crew compartment and the 
bomb bays of the A-20 discarded. 

Meanwhile, the Army has touched up 
the P-38 to put its service ceiling well 
above 40,000 ft., its one-engine speed up 
to about 300 m.p.h., and its straight- 
away speed at high altitudes even 
higher than it was. Power output of its 
twin Allison engines has been stepped 
up from 1,150-hp. in the first model to 
“more than 1,500-hp.” by means of an 
improved turbo-supercharger and new 
intercooler installations. Also added are 
“sileron boosters,” which in some un- 
explained fashion combine with the 
combat flap to enable the P-38 to “out- 
maneuver many single-engine fighters.” 
Increased capacity of the disposable 
belly fuel tanks allows the new P-38 to 
to go most of the way on the major 
bombing raids over Germany. 


Jet 


Some Air Forces officers, who admit 
they know by no means all of the details 
of the new jet-propelled plane, are a 
little amused by some of the “think 
pieces” which the craft’s announcement 
evoked. One speculative story carried 
by a national magazine of considerable 
reputation was labelled almost entirely 
wrong by one officer. Reaction to the 
new propulsion development ranged 
from a prediction by Eddie Ricken- 
backer that if the war lasts five more 
years the jet plane will revolutionize 
transport and travel, to the comment by 
Orville Wright that jet propulsion 
would never compete with conventional 
aircraft engines. Rickenbacker doubted 
that the jet plane would be a major 
factor in this war. The jet engine—a 
British development, essentially—mixes 
air and fuel that becomes a rapidly-ex- 
panding gas which drives the plane 
forward, apparently at extreme speeds, 
ait bursts from the exhaust orifice. In 
the opinion of at least one expert, this 
type of propulsion becomes more and 
more efficient as the plane enters “thin 
är” in which normal propellors become 
less and less efficient. Certainly at 400 
plus m.p.h. speeds, the propellor is 
commonly known to have approximated 
it maximum efficiency, so speeds be- 
yond this range must be obtained other- 


Plane Still Secret 


British Describe B-29 


Much to the dismay of the Army, 
which had been guarding actual figures 
on the new super-Fortress, the B-29, 
with considerable jealousy, the British 
magazine Flight, using what it termed 


Rockets Help Train Anti-Aircraft Gunners 
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Rockets fired from this projector 
serve as targets for anti-aircraft gun- 
ners, according to the Army caption 
accompanying this photograph. The 
projector is loaded and ready for firing, 
which is performed by an electric spark 
through the wire leading off to the right. 
Fins can be seen protruding from the 
rocket near the projector carriage. A 
third fin doubtless extends down into 


“gleanings” from the American press, 
printed a rather detailed description of 
the new ship which promises to be a 
major weapon in the far-flung and ever- 
growing Pacific war. 

The new ship, according to Flight, is 
almost twice as heavy as the present 
Fortress, the B-17. It can cruise, the 
article goes on, at 250 m.p.h. at 25,000 
ft. carrying a bomb load of 16,500 lb. 
If this latter figure is accurate, the B-29 
will be an improvement indeed, for the 
B-17 has a limit in the neighborhood of 
6,000 lb. on a haul of any length. Range 
of the B-29 with a 16,500-lb. “pay load” 
is set at 3,000 mi., which stretches the 
range of the B-17 appreciably. Fully 
loaded, the B-29 weighs between 100,- 
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Photo by U. 8. Armw Signal Corps 
the projector trough. The black line 
extending diagonally inward from the 
left wheel apparently is the shadow of 
the projector support, which may in 
turn serve as a towing rod for the pro- 
jector carriage. Availability of rocket 
projectors for target practice suggests 
that our forces have not left develop- 
ments in rocket warfare as the exclusive 
territory of the enemy. 


000 and 120,000 1b., Flight says, while 
the B-17 and the British Lancaster 
weigh about 60,000 lb. loaded. 

Four Wright Cyclone duplex engines 
of 2,000-hp. power the B-29, the wing 
span of which is 141 ft., length 99 ft. 
and wing area 1,739 sq. ft. The usual 
chin, belly, tail and top turrets will pro- 
tect the plane, while the side turrets are 
replaced by remotely-controlled posi- 
tions described as barbettes. 


Armament Improved 


From an Air Forces officer, Col. 
Frank C. Wolfe, chief of the AAF’s 
armament laboratory, comes an inkling 
of what to expect in B-29 armament. 
Power turrets and multiple-gun installa- 
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tions will be used wherever possible. 
Remote control wherever feasible will 
be combined with improved computing 
sights to remove all possible human 
error. Guns will be so spotted as to 
provide maximum protection. Nose and 
tail turrets will have increased fire- 
power. Computing sights have been de- 
veloped for all guns, not merely those 
mounted in turrets. Cannon are a pos- 
sibility. 

Just to make sure this armament is 
usable at any altitude, the AAF and the 
United States Rubber Company have 
developed a heating pad (Propuct 
ENGINEERING, this number, p. 205) to 
keep gun-operating mechanisms warm 
enough for instant action at any tem- 
perature likely to be encountered. 


German Jumping Mine 


Photo by U. 8. Army Signal Corps 


“Bouncing Betty” is what the troops 
call this German S-type pressure mine. 
Pressure on any of the three prongs ex- 
tending from the stud on top, acti- 
vates a small charge which hurls the 
mine, buried just under the surface of 
the earth, into the air and explodes the 
main charge, throwing steel balls and 
fragments of the case over a wide area. 
To the left is a paratrooper’s knife. 


JU-88 “Inspires Respect” 


Air Forces technicians at Wright 
Field who examined the captured Junk- 
ers 88 medium bomber (Propuct Enc1: 
NEERING, Feb., 1944, p. 89) report that 
it is “rough and ready and a plane to 
inspire respect at any time.” One of the 
pilots who flew the plane back to this 
country from the Mediterranean wrote 
in the AAF publication Air Force that 
the ship is sufficiently versatile to be 
used as a high-altitude bomber if range 
is sacrificed. Twin 1,000-lb. bombs 
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may be slung under the wings. Six .303- 
cal. machine guns give it armament for 
ground attack when slung under the 
bomb racks angled downward. With a 
slight tail wind, the plane attained a 
ground speed of 285 m.p.h. This plane 
is further described in the lead article 
beginning on page 145 of this number of 
Propuct ENGINEERING. 

Experiments disclosed the installa- 
tion of explosive-filled bolts holding on 
the bomb rack. Activation of a switch 
detonated the charges and the entire 
rack, along with a spare gasoline tank 
which had been installed therein. 
dropped to the ground. Another button 
marked “rudder salvo” was left care- 
fully alone, and investigation disclosed 
that pressing it would have blown off 
the entire tail assembly. The device is 
believed to have been reserved for de- 
molition purposes when capture of the 
plane might become imminent. 


Research Not Patentable? 


The activities of Thurman Arnold 
against the existing patent system failed 


to end with his elevation last year to the 
U. S. Court of Appeals for the District of 
Columbia. 

Arnold, who as assistant attorney-gep, 
eral handling the Sherman Anti-Tryg 
Act proposed drastic changes in existing 
patent law before several Congressional 
committees, handed down an opinion re. 
cently upholding the U. S. Patent Qi. 
fice’s refusal to patent a development by 
a Bell System subsidiary. His ruling 
said, in part: 

“Patents . .. are not intended as a re. 
ward for the collective achievement of a 
corporate research organization. We are 
hound to interpret the... law . . . to 
reward individual and not group 
achievement.” 

If the ruling fails to be reversed, jt 
will peril organized industrial research 
to the extent that only those of its fruits 
which fall into the class of totally ney 
products or processes will be patentable, 
while the “bread and butter” products 
of such research, refinements, improve. 
ments, new applications and such, will 
have no protection but will be available 
to all competitors without the expense of 
research and development. 


Jap Anti-Aircraft Gun Captured at Kiska 


“Q, ç £ 


Twin-mount 25-mm. anti-aircraft 
gun, part of the Jap defenses of North 
Head, overlooking Kiska Harbor, is 
much more complicated than the U. S. 
weapon which most closely approxi- 


fe 


` Photo by U. 8. Army Signal Corps 


mates it, the 20-mm. Oerlikon anti-air- 
craft cannon. These guns are fed by 
clips, whereas the 20-mm. Oerlikon is 
fed from a drum. This drum feed re- 
quires less frequent reloading. 
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PRODUCT ENGINEERING EDITORIAL 


Temper Your Planning With Caution 


EW of the small manufacturing plants engendered by the war have well-established en- 

gineering and sales departments. Most of them are job shops making parts to customers’ 
specifications and drawings. A sales department is unnecessary because one or two custom- 
ers take all the company’s production. Many firms were started in business by their custom- 
ers. Hence they have no past experience to guide them in doing business under normal 
conditions. 

Small plants will face a difficult problem during the reconversion period and will be 
sorely tempted to make the fatal mistake of attempting to go into fields for which they are 
not equipped. One hears of sheet-metal jobbing shops contemplating the manufacture of wash- 
ing machines, and machine shops considering the making of vacuum sweepers or refrigerators. 
Such companies might be successful for the brief post-war period when the public will 
be clamoring to buy, but as soon as a normal balance is reached between production and 
consumption almost all of them will find it impossible to stay in business. 

These smaller manufacturing firms cannot be expected to develop designs of highly engi- 
neered products that can compete successfully with the creations of the old-line companies. The 
small company lacks the variety of engineering skills required, the properly equipped testing 
laboratories and the background of experience. Success in a highly competitive market re- 
quires the manufacturer to offer a complete line of models, which means that he must in- 
vest a great deal of money in both engineering and tooling. For economical production, the 
plant requires the best in automatic machinery and manufacturing equipment. Competitive 
selling demands that the company build a complete merchandising organization, adver- 
tise heavily, and establish outlets for its merchandise. With rare exceptions, such a pro- 
gram requires more money and experience than small companies possess. 

Undoubtedly, quite a number of the war-born jobbing shops will survive reconversion. 
Their future will be not in attempting to emulate the old established companies producing 
“standard brand” equipment, but rather in keeping to their “natural habitat.” Such compan- 
ies will find their best chances for post-war success in their continuance as jobbing shops or 
possibly in the manufacture of “gadgets,” articles that do not require the ultimate in engi- 
neering, production and merchandising. 

Of course, there will be exceptions—war-born companies that will grow into large thriv- 
ing organizations producing highly engineered products. In most instances, however, the little 
fellow who tries to outdo the old-line companies will do well to remember that a vast differ- 


ence exists between wartime and peacetime operations. 
GO ft Ylordenhelt 
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Welding Refinements Simplify 
Sheet-Metal Fabrication 


Electronic control of current in are- and resistance-welding boost the fabrication 
of light-gage sheet-metal parts. Welding can replace riveting for this type of 
fabrication. Typical examples suggest welded stampings for simplified design. 


ECENT developments in the con- 
trol of current for arc- and re- 
sistance-welding have focused at- 


tention on new possibilities in the design 
and assembly of stamped and formed 
sheet-metal parts, particularly for air- 
craft. Refinements in control of weld- 
ing current have permitted many plants 
to substitute welding for riveting in the 
fabrication of thin sheet-metal parts for 
aircraft. Resistance welding is used in 
lap-joint assembly of thin-gage alum- 
inum alloys, stainless steel, ordinary low 
carbon cold-rolled steel and heavy-gage 
sheet. Flash-welded butt joints are im- 
proved substantially because of more 
efficient control of current. 

Electronic controls have brought re- 
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Circular projection-welds of l-in. dia. are used to 
, to the side of a battery case. A single 
spot-weld at the center holds together the case of the 


attach 4 lugs (A) 


sistance-welding into prominence. A pre- 
cise, predetermined amount of current 
can pass through a joint for an exact, 
predetermined period of time by means 
of electronic control. This control is so 
precise that softening of the metals can 
be adjusted at the point of contact to 
prevent discoloration of the surface on 
the opposite side of the metal sheet. 
Maintenance of such control depends on 
holding constant the electrode contact 
areas, shapes and pressures. 

Stamped and formed sheet-metal as- 
semblies would ordinarily be ideally 
adapted to automatic machine welding 
for quantity production. Automatic 
welders are generally built for single 
welding applications and are useless for 
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any other jobs. There is no automatic 
welding machine in existence that can 
be adapted to a wide variety of jobs by 
means oí replaceable cams, principally 
because of the extreme accuracy of 
construction necessary in making auto. 
matic welding successful. 
Flash-welding, although commonly 
used for joining sheets, tubes, bars and 
wire end to end, has been applied suc- 
cessfully with electronic controls in 
joining mating formed sheet-metal parts 
having joints of considerable length in 
irregular shapes. Flash-welding is a 
form of resistance-welding butt joints 
by means of which all parts of a given 
joint are welded simultaneously. Mainte: 
nance of alignment, particularly between 


Threaded 








worked out in two stampings held together by four spot 
Fuse adaptors sketched at (C) are redesigned 
screw machine parts made of two stampings. 


The main 


complete roller assembly (B) for sliding doprs of show- 
cases; the case consists of two identical pressed-metal parts 
containing a roller that serves with the case as a ball bear- 


body is drawn from flat stock and completed in about 
eight operations. The outside hex shell is produced by four 


ing retainer. 
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Oil barrel plug, shown at (D), 


is a design 


operations. The two parts are assembled by six spot-welds 
on the sides of part, and then threaded inside and outside. 
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Distribution-transiormer tank, designed by General Electric 
Company, is about 2 ft. high and 15 in. in dia., and is made of 0.094 to 
0,125-in. formed sheet steel. Joints are resistance-welded. Side seam is 
flash-welded. Joint between cylindrical tank and bottom is seam-welded. 
All lugs and other attached fixtures are projection-welded to tank. Cir- 
cular epenings on underside of these deep-pressed stampings are sealed 
by gaskets around insulators. An interesting contrast in application of 
seam-welding to designs in formed sheet metal is the 0.016-in. stainless 
sheet-steel water tank described on page 622, October, 1943, Propuct 


ENGINEERING. 


thin edges, is of great importance from 
the standpoint of both actual welding 
and of the trueness of the finished job. 
As in other resistance-welding methods, 
procedures must be determined by tests. 
Many designs would not be practical 
without this method. 

Special preparation of contact edges 
isordinarily unnecessary in flash-weld- 
ing because irregularities are burned off 
during the arcing period and any for- 
eign matter is expelled with the flash. 
Removal of extruded flash and part of 
the upset metal is not always necessary 
but is accomplished by various methods 
such as grinding and cutting. Flash- 
welding is a fast, reliable and low cost 
production process requiring little op- 
erator skill. 

Electronics has also been applied to 
control of the arc-welding method to 
hold either alternating current or direct 
current arcs constant. This type of 
de. operation is reported to make 
Possible the welding of sheet metals as 


Refrigerating machine condensers made 
of two metal sheets, in which a series of beads 
has been formed, are seam-welded together to 
form tubular compartments. This is a more recent 
design of the General Electric Company, but the 
method has been used for several years. Support- 
ing brackets are projection-welded. The design is 
unsuited to copper brazing or lower melting braz- 
ing solders because of difficulties involved in 


capillary flow of molten brazing metal. 


light as 0.01 in. This method produces 
a relatively small weld bead which may 
be advantageous when the flash on the 
flash-weld is difficult to remove. 

Electronically -controlled atomic-hy- 
drogen arc-welding, which is applicable 
to very thin sheet, also makes an un- 
usually smooth joint. 

The choice of welding method is gov- 
erned by several factors. For assembling 
comparatively large and heavy stamped 
parts, electric arc and gas-welding have 
been used extensively and have been 
satisfactory. Automobile body assembly 
is an outstanding example of pre-war 
application of these welding methods 
and flash-welding to stamped sheet- 
metal parts. The 60-in. searchlight 
described in June, 1943, Propuct En- 
GINEERING, page 333, is a good example 
of this class of work. Thousands of con- 
tainers are made by these methods. 

Spot- and projection-welding are the 
most common methods used for small 
stamped and formed sheet-metal assem- 


Propuct ENGINEERING — Marcu, 1944 


blies. A few welded spots can usually be 
made quicker than any other method if 
attachment of one part to another re- 
quires only that the parts be held to- 
gether at the joints without the need of 
sealing the joint as in container-welding. 
Several spot-welds can be produced 
simultaneously in one operation if parts 
are to be turned out in large quantity. 
This requires special, machine control. 
A refrigerated electrode which limits 
fouling of electrode contacts during op- 
eration and reduces the frequency of 
cleaning is another development brought 
about by high production rates in spot- 
welding aluminum sheet. 
Acknowledgement for the information 
presented is accorded to R. S. Donald, 
Thomson-Gibb Electric Welding Com- 
pany; E. R. Becker, Liquid Carbonic 
Corporation; E. H. Pinkus, Great Lakes 
Stamping Company; E. C. Morse, 
Pressed Metal Institute; R. F. Wyre and 
R. T. Gillette, General Electric Com- 


pany. (Continued on next page) 
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Welded Sheet-Metal Parts (continued ) 


Seam-welding for joining formed 
sheet-metal parts with heavier members 
offers possibilities demonstrated by the 
application of water pressure on test 
welds joining 0.02-in. sheet steel to 
heavy steel blocks at General Electric 
Company. Failures occurred at 700, 500, 
500 and 1,300 lb. per sq. in. respectively. 


Upper band for a rifle was formerly 
machined from solid bar or forging at a 
cost of $3. The part is now formed by 
the Great Lakes Stamping Company at 
a cost of 22 cents by using a flat blank 
formed in four press operations and then 
arc-welded. Excess material is ground 
off inside and out, the lug milled to size 
and chamfer added. Side holes are then 
drilled and tapped with drill presses, 
the part case-hardened, and given a 
Parkerized finish. 
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Ferk crowns for the front wheels of bicycles and tricycles 
are produced by one company by flash-welding together two 
identical stampings. A “saddle cluster,” which is the junc- 
tion of tubular frame members under bicycle saddles, is 
made in the same manner. This fabrication method permits 
discontinuous curved seams totaling several inches in one 
quick operation. Such welds are not necessarily confined to 
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Bottle carrier end pieces for washing machines pro- 
duced by Liquid Carbonic Corporation were formerly made 
of cast iron and riveted to carrier frames. About 300 carriers 
each of 16-bottle capacity are moved sidewise through the 
average machine by two chains to which end pieces were 
bolted. Misalignment difficulties prompted redesign of car- 
rier ends as two sheet-metal stampings arc-welded together. 
This weld and also welds for joining the ends into the car- 


Delicacy possible jn resistance welding is shown by 
spot-welding of (1) stranded copper wire to a terminal. 
(2) bronze wire to a brass part with two projections, and 
(3) 0.0015-in. dia. aluminum wire to the aluminum end of a 


Propuct ENGINEERING — Marcu, 1944 


-Flash-welded 

to lower end 

of tricycle 
fork 


Plane of section is 
welded joint for mating 
part 


one plane. Mating edges, however, must match. Welding 
permitted use of lighter-gage steel than furnace brazing, 
which would have weakened the cold-rolled, low-carbon 
steel by raising it above its annealing temperature and 
would have required more time to produce. Fork ends for 
the front wheel of a tricycle (center) are flash-welded into 


the oval tube ends of the fork. Wheel bearing is held by bolts. 


Castiron 
carrier ends 


e 


Arc-weld 


12-gage steel 


Formed sheet- 
metal parts 


rier are made with accurate alignment by use of fixtures. 
Rejections were reduced from 5 percent to zero. Weight of 
the moving parts was reduced by 1%% lb. each or 450 Ib. 
on an average machine. This led to reduced driving power 
for the machine and increased wearing qualities. Cost of 
end pieces was reduced from 25 to 14 cents, a saving of $65 
on an average machine. More than 20,000 pieces were made 
before converting to war production. 


bimetal strip shown inside the bottle. A 3¢-in. dia. brass 
bushing is projection-welded to a 114-in. dia. thin formed 
sheet-steel cap (center) to replace a machined cap. A sub- 
stantial saving was made in replacing the older method. 
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Fig 1—Ring-type glass bearings of varied dimension are serving well in instruments with lightweight moving elements. 


Precision Instrument Bearings 


Molded of Glass in New Process 


West Lynn Works, General Electric Company 


J. H. GOSS 
Engineer, Works Laboratory 


Glass ring-jewel bearings were developed to meet wartime shortage of sapphire bearings 


for aircraft panel instruments. 


and economical production. 


EVELOPMENT of glass ring- 

jewel bearings to meet all the 

rigorous requirements for air- 
craft instruments emerges as another 
important example of American accom- 
plishment in wartime. Glass bearings 
meet low friction requirements, with- 
stand vibration, wear and shock condi- 
tions imposed by aircraft service, and 
are comparable to sapphire jewel bear- 
ings. 

Virtually all sapphire instrument 
jewels were imported by this country 
from Switzerland prior to the war. 
Threatened curtailment of the supply at 
the outset of the war induced the Fed- 
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New techniques result in accurate dimensional control 


Many peacetime uses for precision glass parts are indicated. 


eral Government and instrument manu- 
facturers to strive for American produc- 
tion of synthetic sapphires and to seek 
possible substitutes. 

Ceylon, Australia and Montana were 
the chief sources of the basic raw ma- 
terial for production of sapphire jewels. 
In addition to these natural deposits. 
much synthetic corundum used by the 
Swiss was made from aluminum oxide 
by the Verneuil process. The synthetic 
material is equivalent to the natural cor- 
undum and lends itself to the production 
of jewels at lower cost. The ingenuity 
of American scientists led to the estab- 
lishment of facilities for producing the 


synthetic material in this country on & 
commercial scale, see page 668, October, 
Propuct ENGINEERING. 

The chief problem in creating an 
American industry was the establish 
ment of mass-production equipment and 
facilities to process the raw synthetic 
sapphire material into finished bearings. 
Machinery and equipment had to be de- 
signed and built, and production experi 
ence developed to turn out finished 
jewel bearings, which have some of the 
most exacting requirements as to dimen 
sion of all the products made in this 
country today. 

The need for substitute bearings to 
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meet complex conditions should the sap- 
phire program lag, and the importance 
ofa parallel program for taking a share 
of the production load became evident. 
The general requirements of a substi- 
tute bearing process to suit the situation 
were listed briefly as: 

l. The process must be capable of 
producing on a mass-production basis 
from the hardest material available 
bearings that would meet the rigid re- 

irements for aircraft instruments. 

9. The friction in combination with 
steel should be as low and as uniform 
as possible. comparable to sapphire. 

3. The bearings should be able to 
withstand impact and shock loads com- 
parable with those taken by sapphire 
hearings or at least adequate for the 
particular application. 

4, The bearings should have a life 
comparable to sapphire bearings under 
shock and vibration conditions imposed 
by their use on an aircraft instrument 
panel. 

The problem divided itself logically 
into two parts: Producing Vee-type 
bearings and ring-type bearings. 


Vee-Type Bearings 


The Vee-type bearing was required 
for the millions of small panel electrical 
instruments for measurement of current 
and voltage. This need was met by the 
production of hard glass bearings hav- 
ing diameters such as 0.051 in. and 0.076 
in. Many millions of these bearings 


r 


Fig. 2—Typical glass ring jewel assembly. 
ger contact area between steel pivot 
and ring jewel bearing lessens shock. 
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Fig 3—Hard glass Vee-type bearings. 


Diameter of bearing at left is 0.051 in.; at 


right 0.076 in. Used in small panel instruments for measuring current and voltage. 
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Fig. 4—Allowable tolerance for a typical sapphire bearing is shown at A. 


Modi- 


fications necessary to produce a hard glass bearing to meet the need formerly 


filled by the sapphire jewel are shown at B. 
are given in ten thousandths of an inch. 


have been used in precision military in- 
struments and were available practically 
at the beginning of the critical produc- 
tion period. 

Production of glass bearings was 
based on the backlog of work done many 
years ago in producing bearings of 
this type from relatively soft glasses. 
The technique already known was broad- 
ened by intensive development work to 
make possible the processing under con- 
trolled strain conditions of an extremely 
hard glass. 

This goal was attained to meet the 
need for the Vee jewel and the finished 


Note that the geometrical tolerances 


glass bearing was applicable to approxi- 
mately 80 percent of the instruments 
without sacrificing performance over 
that obtainable with sapphire jewels. 
The remaining 20 percent of the re- 
quired jewels of this type have been 
supplied by American sapphire produc- 
tion and from the stock pile available. 


Ring-Type Bearings 
Successful production of glass Vee 
bearings immediately led to pressure to 


continue the work for development of 
ring-type bearings. Evaluation tests 
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Fig. 5—Distribution curves show the variation in hole diameter from the nominal 
dimension in A and the variation from the nominal of outside diameter in B. 
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Fig. 6—Uniformity of hole sizes in molded ringstones is demonstrated. Curve A represents a sapphire process distribution as com 
pared with the glass bearing distribution curve B. Hole sizes for the majority of aircraft instruments are shown. 


showed that from the standpoint of pre- 
viously mentioned requirements the only 
sacrifice made in the Vee bearing was in 
resistance to shock. The allowable 
shock, or impact, that a bearing will 
withstand is a function of both the de- 
celeration and the weight of the instru- 
ment moving system carried by the bear- 
ing. For lightweight moving systems, 
below 0.75 grams, sapphire has a large 
factor of safety. Glass bearings have 
therefore been applied to instruments 
with these lightweight moving elements 
without a sacrifice in usable shock re- 
sistance. 

Study of the ring jewel problem indi- 
cated that shock conditions would not 
be nearly as severe because of the larger 
contact area between the steel pivot and 
the jewel for the ring bearing as com- 
pared to the Vee bearing. An interest- 
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ing comparison of the bearing pressure 
the Vee and ring jewels are subjected to 
is shown by the following: 

Assume a vertical shaft instrument 
with a moving system weighing 1/30 of 
an ounce and a pivot radius of 0.001 in. 
This weight would be carried by a Vee 
jewel with an average pressure of 500,- 
000 Ib. per sq. in. This can be compared 
with a ring jewel assembly having the 
shaft horizontal. Here the same load of 
1/30 of an ounce is divided between the 
two jewels equally and the average pres- 
sure, assuming a pivot radius of 0.010 
in., is only 25,000 lb. per sq. in. or 1/20 
of the Vee jewel pressure. The main 
problem in producing ring jewels was 
that of the close dimensional control 
required. 

A broad program of process develop- 
ment was undertaken to adopt the same 


hard glass used for the Vee bearings tv 
the ring bearings. It is unpractical for 
security reasons to describe this process 
and the work done in its development, 
but it is interesting to note the results 
accomplished. 

Closeness of control makes the proc 
ess ideal for producing ring bearings. 
The hole, which is the low friction sur- 
face, is molded to the finished dimension 
and is so smooth that it requires no sub- 
sequent grinding or polishing operation. 
The usual inspection for surface smooth: 
ness is made under a binocular micro- 
scope with a magnification of 40 diame: 
ters. Under this critical inspection the 
rejections for polish are negligible. 

It has been the practice of sapphire 
producers to try to spread the instru 
ment industry’s range of hole sizes s 
that the combination of proper hole size 
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Fig 7-Impact tests were made on the 
apparatus shown. Moving elements of 
actual instruments were used in the 


tests and impact deceleration was meas- 
ured in terms of the number of times 
gravity the bearings withstood without 
fracture or other type of damage. 


and acceptable hole polish could be 
realized if not in one jewel tolerance 
limit then in the one next higher. Obvi- 
ously, many sapphire jewels would be 
rejected if usages could not be grouped 
to increase the spread. Glass bearings, 
however, can be made to the tolerances 
required. 

Conclusive evaluation tests cannot be 
made once and for all to determine the 
suitability of glass ring bearings to re- 
place sapphire ring bearings. While the 
general comparison can be made, indi- 
vidual instruments and applications may 
impose such unusual loading and vibra- 
tion conditions as to make the results of 
a general evaluation invalid. 

The following tabulation does, how- 
ever, give as fair a comparison as possi- 

le and is based on results to date with 
several instrument designs such as 


clocks, aircraft tachometers, and _ posi- 
tion indicating equipment. Steel pivots 
were used in all tests. 


Glass(H) Sapphire 


Friction (Coefficient 0.16 0.14 
Impact Strength (ele- 

ment weight 0.067 oz.) 
(a) Shaft vertical (g-s) (300-600) 
(b) Shaft horizontal (g-s) (600-900) 
Life under vibration 

1 T ma 100 +* 100 


Cost (relative) ........ 33 100 


* Some tests have indicated a superiority 
because of the formation of a negligible 
quantity of iron oxide resulting from vibra- 
tion as compared with an abundance of «this 
high friction wear product with sapphire 
ring jewels. 





Impact tests have been made using 
the moving elements of actual instru- 
ments and the impact deceleration meas- 
ured in terms of the number of times 
gravity (g-s) the bearings withstood 
without fracture or damage. From the 
results to date in actual instruments in 
service, glass ring bearings are giving 
excellent performance and the applica- 
tions for them are increasing. 

A process that is inherently capable 
of forming glass—even the hard high- 
melting glasses—to such accurate di- 
mensions suggests that it can possibly 
be used to produce other critical parts. 

Small gages, both ring- and plug- 
type, can be made from low cost tools 
to within very close tolerances. Almost 


any tolerance steps desired can be easily 
sorted out of a few hundred. Probably 
the total cost of a hundred close toler- 
ance gages would not exceed the cost 
of a half-dozen specially made gages by 
the normal manufacturing methods. Al- 
most any predetermined type of flare 
can be accurately produced for nozzles. 
The fact that these nozzles would be 
virtually corrosion-proof coupled with 
their hardness, toughness, and wear re- 
sistance should make them ideal for oil 
burners, spray guns, and chemical proc- 
ess mixing nozzles. 

Glass can conceivably be used in 
drawing dies for materials like synthetic 
fibers and soft wire, and for wire or 
thread guides. Electrical insulators of 
special shapes to close tolerances may 
be made and used for obtaining good 
initial fits between parts for metal-glass 
sealing. 

Ring bearings have been made ex- 
perimentally up to 0.5 in. in outside di- 
ameter, and holes have been molded 
down to 0.005 in. in diameter. The 
length of parts in general does not ex- 
ceed 0.250 in. and minimum as low as 
0.010 in. is envisioned. 

In general, the processes developed 
to produce glass bearings are much 
simpler than those required to turn out 
sapphire jewel hearings. The techniques 
developed ‘inherently give low cost and 
accurate dimensional control and may 
have many other uses for the produc- 
tion of precision glass parts. 
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Fig. 8—Close dimensional control is represented. Wall thickness must be varied 


keeping a reasonable ratio between hole size and outside diameter. 


Area A has 


been thoroughly investigated and any point set down in this area will have a ver- 
tical and horizontal axis reading that corresponds to the hole size and its accompany- 


ing outside diameter. 


For example, the arrow in area A points to one possible 


ring bearing with a hole diameter of 0.019 in. and an outside diameter of 0.075 in. 
Results obtainable for any ring bearing represented by points in this area can 


be predicted based on Fig. 5. 


Area B is slightly less desirable than area A and 


the results shown in Fig. 5 can be approximated with a slightly higher spread in 
dimensions. Area C is again slightly less preferable than area B. The differences 
are small between these areas, however, and becomes an economic consideration. 
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Pneumatic Systems and Controls 


In Mechanical Design 


E. E. HEWITT 


Assistant Chief Engineer, Westinghouse Air Brake Company 


Basic systems and accessory valves for the control of force, proportional move- 


ment, sequence and timing through the application of air pressure in 


operational devices. Schematic diagrams of valve and piping arrangements are 


included. Possibilities inherent in pneumatic control applications are discussed. 


PEED, simplicity, flexibility, power 
amplification and dependability 
are the primary advantages inher- 

ent in pneumatic control systems. On 
railway train air-brake systems, brak- 
ing action is dependably transmitted at 
a speed of 950 ft. per sec. whether the 
train is in frigid Northern Canada or in 
the blistering southwestern desert. Con- 
trol of braking power sufficient to stop 
a mile-long train rolling along at 50 mi. 
per hr. in approximately half its length 
is carried by a single pipe line. 

Fundamentally, a pneumatic control 
system consist of an air compressor, a 
pressure storage vessel, a control valve, 
and an operating device. By means of a 
control valve, similar to that shown in 
Fig. 1, the operator by moving the han- 
dle between inlet, lap, and exhaust can 
maintain in the cylinder any pressure 
below that in the reservoir. The storage 
reservoir serves two purposes: First, to 
smooth out the pressure pulsations of 
the compressor output; and second, to 
store a sufficient volume of cool air so 
that the compressor can be of an output 
less than the peak demand. The operat- 
ing device, the means of converting 
pneumatic energy into mechanical en- 
ergy, usually is in the form of a piston 
and cylinder, although it may be a ro- 
tating element such as a turbine rotor. 

By making the cylinder of a suitable 
diameter it is possible to obtain a large 
force without the use of mechanical link- 
age. Cylinders can be either single- or 
double-acting. In single-acting cylinders 
a relatively light spring is used to re- 
turn the piston when the pressure is 
exhausted. 

Movement of the piston can be made 
in any proportion to suit the movement 
required by applying an increasing re- 
sistance, such as a spring, to oppose the 
piston force. Thus, by varying the spring 
constant (lb. per in.) piston travel will 
vary accordingly for any given pressure 
(force) on the piston. 
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Fig. 1—Sectional views of control air-valve, cam-operated, in lap position. 


Addition of a relay valve in the fund- 
amental system, Fig. 2, permits a small 
volume of air to control the flow of a 
large volume. If the relay valve were not 
used, the control valve would be of cum- 
bersome size to obtain satisfactory capac- 
ity for fast operation and fine control. 

In operation of the system shown sche- 
matically in Fig. 2, the control pressure 
acts on the left side of the relay valve, 
forcing the valve piston and the inner 
valve to the right from the lap position 
as shown. As the inner valve moves to 
the right, the inlet port is opened and 
air flows from the supply pipe through 


the valve chamber to the operating cylin- 
der. Pressure in the valve chamber 
(cylinder pressure) builds up on the 
right side of the valve piston; when this 
pressure is slightly higher than the pres 
sure on the control side, the valve pis 
ton and inner valve are moved to the 
left just enough to close the inlet port. 
The valve is then on lap position. 

If the pressure in the operating cylin 
der were to be lowered by a few pounds 
because of leakage, the cycle would be 
repeated automatically, thus: maintain- 
ing a pressure in the cylinder as called 
for by the control pressure. When the 
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control pressure is lowered, the higher 
pressure in the valve chamber moves 
the inner valve to the left and opens the 
exhaust port. Air is then exhausted un- 
til the valve chamber pressure is slightly 
lower than the control pressure, at 
which point the piston and inner valve 
move to the right just enough to close 
the exhaust port. 


SEQUENCE CONTROL. A definite con- 
trolled sequence of operation is ob- 
tained with the three cylinders and 
yalves shown in Fig. 3. The valve D, is 
of the “on and off” type; that is, com- 
munication to the cylinder is either open 
to the supply from the pressure main or 
js open to exhaust. As piston A moves 
out to its operating position a port in 
the cylinder wall is uncovered and air 
flows to cylinder B. As piston B moves 
out to its predetermined operating po- 
sition, a cam on the piston rod of B 
opens valve D,. A variation is shown in- 
asmuch as cylinder C is operated by 
valve Də which has an auxiliary safety 
interlock cylinder E, otherwise valve D. 
is similar to control valve D,. With cylin- 
der B in the inoperative position the 
handle of control valve D is locked in 
exhaust position by the spring-loaded 
piston in interlock cylinder E. As the 
valve D. opens, the supply pressure 
builds up slowly in cylinder Æ through 
a small orifice and releases the handle 
‘ock. Therefore, cylinder C can be op- 
erated only after the piston of cylinde1 
B has reached a predetermined position. 


Tımınc CONTROL. In many applications 
it is necessary to provide either, or 
both, a definite delay time between op- 
erations, or a restricted operating speed. 
Fig. 4 shows an arrangement used to 
obtain these two types of timing con- 
trol. The fundamental set-up shown in 
Fig. 2 is altered here by using two 
cylinders, Æ and B. In the line to cylin- 
der A there is a choke, or metering ori- 
fice. In the line to cylinder B there is a 
choke, delay volume and a relay valve. 
By reducing the size of the choke in the 
line to cylinder A the operating speed 
can be decreased. The relay valve and 
the delay volume in the line to cylinder 
B permits a definite delay time followed 
by a rapid movement of the piston in 
cylinder B. The piston of the relay valve 
is opposed by a spring which normally 
holds the valve in exhaust position. 
Pressure from the control valve builds 
up slowly in the volume delay through 
the choke and overcomes the spring 
force in the relay valve, moving the 
valve from exhaust to inlet position. The 
time element can be increased by reduc- 
ing the size of the choke, increasing the 


delay volume, or through a combination 
of the two. 


Pressure ConTROL AND REDUCTION. Va- 
tious control problems require maxi- 
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Fig. 3—Controlled operational sequence in multi-cylinder system is obtained with 
simple control valve, cam-operated “on and off” valve, and a control valve with safety 
interlock. Piston C operates after piston B has reached a predetermined position. 
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Fig. 4—Valve and piping arrangement that provides a delay time between operations 
or a restricted operating speed, by using chokes, a delay volume and a relay valve. 
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mum pressure in the system to be lim- 
ited to some value less than the reser- 
voir supply pressure. To obtain this con- 
dition, a pressure-reducing valve is gen- 
erally used between the reservoir and 
the control valve. In a reducing valve 
such as shown in Fig. 5, high pressure 
from the reservoir is always present un- 
der the valve and delivery line pressure 
acts on the spring loaded diaphragm. 
When the air force under the diaphragm 
is less than the spring force, the valve is 
moved downward and air flows from the 
reservoir supply to the delivery line. As 
the delivery line pressure becomes great 
enough to compress the spring, the dia- 
phragm moves upward and closes the 
valve. If the demand on the delivery line 
lowers the pressure under the dia- 
phragm, the operation will be repeated, 
maintaining the pressure called for by 
the particular spring setting. 


Evectro-PNeumMaAtTic ControLt. The 
basic electro-pneumatic control system 
shown in Fig. 6 has a cut-out magnet 


inlet valves. The supply pressure then 
flows into the cylinders through each 
inlet magnet valve. When the desired 
cylinder pressure has been obtained the 
controller handle is returned to center 
position. If it is desired to lower the 
cylinder pressure the controller handle 
is moved upward to energize the exhaust 
magnets, air then flows from the cylin- 
ders to atmosphere through the exhaust 
valves. 

Cut-out magnet valves, in the delivery 
pipes to cylinders B and C, permit these 
cylinders to be released at any time op- 
erating conditions may require. If it 
were desired to re-apply a cylinder, 
such as B, to the control pressure, the 
addition of a relay valve as shown by 
dash lines would be necessary. 


Pneumatic Contral Applications 


By application, individually and in 
combination of the principles and func- 
tions described, many mechanical de- 
vices can be controlled at the machine 
or remotely by pneumatic means. 


described. Pressure-adjusting type 
valves are used on air-actuated pipe 
bending machines to enable the oper. 
ator to apply the pressure necessary for 
bending pipe with the correct amount of 
overbend or springback. 

Solenoid valves with trigger grip 
switches are used on air hoist cylinders 
that perform many lifting operations jp 
production and assembly lines. 

Controlled  electro-pneumatic se. 
quence arrangements are often used. 
One example is a drill press jig. After, 
piece of work is placed on the position. 
ing buttons of the jig, a small valve is 
moved to operating position and à 
pneumatic cylinder clamps the work se. 
curely to the drill press table. After 
reaching clamping position, the piston 
uncovers a small port in the cylinder 
wall to permit pressure to build up un- 
der a spring loaded diaphragm of a 
pressure switch. When the air force on 
the diaphragm overcomes the spring 
load, the switch cuts in the motor cir. 
cuit so that the operator can start the 
drills by closing a thumb switch on the 
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Pneumatic control valves are designed drill press handle. The motor also oper- 
in many styles so that they can be ates a pump which supplies coolant F 
readily attached or mounted on flat or through small tubes at the top of the ¢ 

projecting surfaces on machine frames. jig. With this arrangement the drilling 

Standard valve types are arranged for operation cannot be started until the 
either foot or bracket mounting, and work is in position and properly tr 
with pipe connections on either the clamped. w 
right- or left-hand side to facilitate An example of electro-pneumatic re- b 
piping. mote control is the freight car retarder, c 
Pressure-adjusting type valves, which in a “hump” yard, used on many rail- tr 
deliver and maintain air at a pressurein roads. The train is pushed slowly over ta 
proportion to the amount of valve han- the top of the hump where the cars are st 
Ë dle movement or setting, can be usedin- cut ofl and allowed to coast down into m 
s Z a stead of the control valves previously the distributing tracks as directed, elec- hi 
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plies air to branch line at a pressure less N m 
than that existing in the main line. í N se 
AJI - II N en 
LLB ELAS É: 
valve in each of the two cylinder lines. Ë /ZZZZZZZ222222 an 
With this arrangement either or both of - i= A m 
the cylinders can be exhausted and re- An assos | ni 
filled to the control pressure as desired. tr 
Control switches for the magnet valves tre 
are located at a control station. asus co 
Instantaneous control of pressure in ty 
one or more cylinders remotely located de 
from a control station can be accom- tic 
plished by a system such as is shown in op 


Fig. 7. In operation, the controller han- 


š ' Fig. 6—(A) Section of magnet valve. (B) Basic electro-pneumatic system that controls en 
dle is moved downward to energize all 


exhaust and refill of cylinders as desired by means of a switch at a remote station. 
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Fig. 7—Electro-pneumatic system for instantaneous control of pressure in one or more 


cylinders from a control station. This type of system is used for many applications. 


trically, by the towerman. Some tracks 
will be almost empty while others will 
be practically full so that the roll of the 
cars going down the hump must be con- 
trolled. Control is accomplished with re- 
tarders which consist of long bars or 
shoes, one on each side of each rail, 
mounted toggle fashion: on several 
hinged link units. Each hinged link unit 
has an air cylinder in its toggle arrange- 
ment. When air pressure is applied to 
the cylinders, the shoes close like jaws 
on the sides of the wheel rims of pass- 
ing cars. With the retarders in the open 
position, cars can roll through without 
restriction, but when a car is to be 
slowed down, air is admitted to the 
cylinders and the shoes grip the sides of 
the wheel rims, thus applying a braking 
action. As many as ten retarders and 
fifty switches can be controlled from the 
towerman’s board. 

An outstanding installation of pneu- 
matic controls is that for multiple die- 
sel engines for escort vessels. Here four 
engines are arranged in banks of two. 
Each bank drives one propeller shaft, 
and is remotely controlled. Complete 
maneuvering functions—starting, run- 
hing, reversing and stopping—are con- 
trolled from one lever, another lever con- 
trols engine speed. Both levers are 
contained in a remote control stand. A 
typical maneuvering gear control cylin- 
der is shown in Fig. 8. Selector func- 
tons with safety interlocks provide for 
operation of either single or coordinated 
engine maneuvering with engine load 
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balancing, reduction gear protection 
against low lubricant pressure, inter- 
locked propeller shaft brake and emer- 
gency engine room controls. 

Pneumatic systems are used to con- 
trol many other types of machines and 
machine functions. Successful applica- 
tions are found in earth moving ma- 
chinery, mining and oil field equipment, 
machine tools, diesel locomotives, and 
dredges. In short, pneumatic controls 
have a place in fields of mechanical de- 
sign which require: 

1. Simple means of obtaining force 
amplification. 

2. Simple means of regulating the 
force and power delivered by any oper- 
ating unit. 

3. Fast, high power movements by 
utilizing compressed air stored in rela- 
tively small reservoirs. 

4. Range of power variation readily 
adaptable to particular installations. 

5. Dependable operation under ex- 
treme temperature conditions. 

6. Motion sequence and safety inter- 
locks. 

7. Mechanically simple pneumatic 
devices that can be easily maintained 
or repaired by relatively unskilled labor. 
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Fig. 8—Pneumatic cylinders for maneuvering gear control shaft on marine engine. 
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Intricacy of the mold for this blower impeller posed a problem in molding technique. A high-impact ma- 
terial, which ordinarily would not flow fast enough to. give the thin, deep blades uniform strength through- 
out, was indicated. The problem was solved by mixing high-impact and general-purpose phenolic molding 


compounds, without sacrificing the desired impact strength. Jamison Manufacturing Company was the molder. 


Sodio 


New Plastic Compounds 
Improve Shock-Resistant Parts 


F. J. DONOHUE and C. H. WHITLOCK 


Technical Service Engineers 


Plastics Division, Monsanto Chemical Company 


Presenting developments in combinations of plastics resins with macerated 


fabric, cotton-cord, sisal fiber and wood-pulp fillers for molding materials. 


The resins used are phenolic and melamine. 


of heat on these compounds. 


NTIL recently, high-impact mold- 
ing materials were confined to 
types which consisted essentially 

of synthetic thermosetting resins dis- 
persed through a mass of macerated- 
woven fabric. Applications were to a 
great extent limited to certain heavy- 
duty electrical control apparatus. In 
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these compounds, the filler provides 
shock resistance and the resin imparts 
its typical characteristics in addition to 
making possible the molding of the 
mixture. 

Relatively high cost in relation to 
other plastic molding materials and 
difficulties in handling and molding 
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Curves indicate the effect 


Several typical applications are discussed. 


were largely responsible for the limi- 
ted use of these compounds. In addi- 
tion, the water absorption of shock 
resistant moldings was somewhat greater 
than other phenolic plastics. Because 
of the macerated fabric, the appearance 
of the molded part was not particularly 
attractive. 
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Bulk, combined with somewhat poor 
flow characteristics, has made high 
molding pressures and rather long 
molding cycles necessary. Bulk values 
as high as 10 to 1 are reached, leading 
to difficulty in making satisfactory pre- 
forms and in charging the mold. Fin- 
ishing and definning were also made 
more difficult because of the macerated 
fabric. 

The largest user of fabric-filled mate- 
rials before the war was the Navy, for 
which the difficulties in handling the ma- 
terials were outweighed by the high- 
strength and lightweight characteristics 
that have always been at a premium in 
Navy work. When war became inevi- 
table, the demar. ls of all branches of 
the armed forces stimulated the develop- 
ment of impact materials having higher 
shock-resistance than standard fabric- 
filled types. 

Under this stimulus several marked 


sh š . 
a of ole ee High torsional strength, tensile strength, dimensional stability and shock resist- 
commercial scale. One of these resulted ance, combined with ability to withstand temperatures ranging from 40 to 180 
fro a a deg. F. are the requirements of these bolts. They replace steel bolts used as tie- 

m experiments with the use of cotton down and mooring fittings in aircraft and are molded from cord-filled phenolic 
cord as a filler instead of macerated material that is particularly high in shock resistance. Weight saved on each 
fabric. Pr obably the strongest natural airplane of the type for which these bolts were developed is 7 lb. North American 
textile material is the cord that was de- Aviation, Inc., developed the fittings and Windman Bros. does the molding. 
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veloped for use in reinforcing automo. 
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bile and truck tires. The cord js laid 
in parallel rows within the c of 
the tire. Requirements of the rubber in. 
dustry spurred the development of cord 
made from a long staple type of Cotton 
and produced a material with mark 
higher strength than that usually found 
in textile products. Experiments With 
this material as a filler in phenolic molj 
ing materials made available a materi] 
with roughly 2% times the impact 
strength of the standard fabric-filled 
compounds. 

Cotton-cord-filled shock-resistant mms. 
terials offer other significant advantages 
in addition to higher strength. They 
have roughly 25 percent lower bul; 
factor, making for somewhat greater 
ease in preforming and in molding, Be. 
ter flow characteristics are also obtain. 
able and the cord-filled material is yel 
adapted to transfer molding. 

Two other notable advances in high. 
impact molding materials are the cop. 
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binations of sisal fiber and wood pup jn ; 
with phenolic resins. Both material mol 
have higher impact strength than fabric $ I 
filled phenolics. The sisal-fiber-filled§ pial 


combination, however, does not have thf et 
moisture resistance of molded phenolics 
and is available only in the form of pads 
or mats. ! 

Nearly all phenolic molding con 
pounds, including shock-resistant mate§ the 
rials, decrease in impact resistance af chi 
low temperatures and increase at higher ing 
temperatures to a point about 50 de$ fac 
higher than the molding temperature. 
At this point impact resistance begin 
to fall rapidly. ad 
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Transfer Molding Extends Rang 


Wider use and familiarity with tk P 
transfer-molding method has also mak 
possible an economical extension of th 
range of shock-resistant materiak 
Transfer molding is carried out in stant 
ard molding presses but the mold i 
provided with a separate cavity in whid 
the molding compound is plasticized. I 
is then forced from this cavity byt 
plunger into the mold cavities. The r 
sult is a more uniform cure of the pat 
plus greater ease in handling bulky m 
terials. The high velocity and pressura 
encountered in the mold when the pla 
ticized material is forced from the trait 
fer pot to the cavity result in somewhil 
lower impact strength compared wil 
compression-molded products, but th 
handicap has not been serious 

200 to forestall the wide development (PF 
Temperature, Deg.C. transfer molding, particularly for shot 
resistant materials. 

Transfer molding of high-impact m 

Effect of temperature on ultimate tensile strength ( top), maximum fiber stress n poe se Ys we 
(center) and impact strength (bottom) of phenolic molding materials with various °S " y Th omr ary 
fillers, for use in making shock-resistant parts, is shown by these curves. out the part. Ihe me 


Ë 
° 
z 
4- 
° 
< 
[D 
c 
- 
o 
o. 
S 
-l 
+ 
u 
2 
+ 
®© 
c 
° 
c 
+ 
Ww 
+ 
o 
5 
a 
E 


180 Propuct ENGINEERING — Marca, 1% 






Inge 


























he molding of parts whose intricacy 
yould prevent their being molded eeo- 
ymically in standard compression 
poids, or where metal inserts are 


needed. 
Electronic Preheating 


Another significant advance in the 
forming of shock-resistant materials is 
the development of electronic preheat- 
ing of the preform. A mass of phenolic 
resin and filler has low heat conductiv- 
ity, particularly in the case of fabric or 
cord-filled molding compounds. This 
poor heat-conductivity has made neces- 
sary long preheating and molding cycles 
to allow the heat to penetrate the mass. 
Electronic preheating, by which heat is 
generated within the mass of material, 
has drastically reduced the preheating 
and molding cycles. This reduction has 
heen particularly significant in the han- 
ding of impact-type products. Elec- 
tronic heating has also been of value 
in making possible the use of lower 
molding pressures. 

Increase in the volume of filled mate- 
rials has facilitated the development of 
better resins and increased the degree 
of uniformity available in the molding 
compound. 

Another development of considerable 
interest is the work being done now on 
the design of automatic preforming ma- 
chines capable of handling bulky mold- 
ing compounds. At present, the manu- 
facture of preforms for use in charg- 
ing either transfer or compression molds 
is largely a hand-fed operation which 
adds somewhat to the labor cost in- 
volved in the finished part. 

The relatively new melamine syn- 
thetic resins have been adapted to the 
production of shock-resistant molding 


E S 


. 


compounds, As in phenolic shock-re- 
sistant materials, the melamine high- 
impact products consist of fabric, cord 
or macerated fabric with dry resin thor- 
oughly dispersed through the mass. 
Previous to the war melamine impact 
material had reached some volume in 
heavy-duty dishes, trays and similar ap- 
plications where color, low odor, non- 
toxicity and resistance to food acids and 
to detergent alkalis were important. But 
because of their relative novelty and the 
disadvantages of high-impact material 
as a class, the use of melamine resins 
was limited rather sharply for shock- 
resistant parts. 

Induction of large numbers of men 
into the armed services created large- 
volume requirerhents for molded food 
trays, preferably with “built-in” com- 
partments. Such trays are subject to 
hard usage and a shock-resistant mate- 
rial was clearly indicated. Phenolics are 
available only in the darker colors, 
which were found to be undesirable for 
direct serving of food. 

Melamine plastic can be molded in 
light colors with extremely low odor 
characteristics, non-toxic in direct con- 
tact with food and highly resistant to 
both food acids and to the alkalis used 


Fittings for plastic tubing used in aircraft 
are molded from high-impact plastics be- 
cause of the rigid service requirements. 
In addition to saving weight and strategic 
metal the molded plastic fittings can be 
produced in large quantities in a short 
time. Furthermore, plastic fittings are 
necessary. for plastic tubing because they 
act as a heat insulator, rather than a con- 
ductor for the tubing. Threads do not 
fail because they are stronger than other 
parts of the body of the fitting. 
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in cleaning the trays. As high-impact 
plastics such materials have the strength 
to resist the handling involved in both 
the serving of the food and in washing 
and sterilization equipment. 

Although the most important contri- 
bution of melamine high-impact mate- 
rials has been in the food service field 
they have also been adopted to some ex- 
tent in applications where a combina- 
tion of high strength and high electrical- 
insulating properties are required. The 
most important electrical characteristic 
of the melamine resins is their high re- 
sistance to carbonization under arcing. 
While the standard phenolic materials 
have an arc resistance of 2 to 3 sec., 
melamine is reported as yielding values 
as high as 180 sec. under the A.S.T.M. 
arc test. Arc resistance has become of 
greater importance with the develop- 
ment of aircraft for operation at high 
altitude where the insulating value of 
air is sharply reduced and where parts 
that would function properly at sea level 
fail to give satisfactory performance. 
The high-impact melamine compounds 
have been used in such applications 
where, in addition to arc resistance and 
the other electrical insulating properties, 
high mechanical strength is required. 


















Sufficient shock resistance to withstand 
possible rough handling and rugged serv- 
ice conditions, in addition to high di- 
electric strength, are necessary in this 
plug connector component of the Warner 
electric brake used on tractor-trailer com- 
bination vehicles. Metal connectors are 
molded in as inserts. Chicago Molded 
Products, Inc., is the molder. 
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Sufficient heat is produced by this 100 kw. vacuum oscillator tube to flow electrolytically 
deposited tinplate. D.c. power at 17,000 volts is converted to high-frequency ac. The 
cabinets, left to right, are electronic rectifier, oscillator tube and oscillator circuit, 


Induction Heating 


Serves to Speed Production 


M. P. VORE 
Radio Engineering Department 


Westinghouse Electric & Manufacturing Company 


Presenting a brief discussion of the basic principles of induction heating and the 
advantages of its use, including data on typical applications. Depth of penetration, 


frequency requirements and proper proportioning of heating coils are outlined. 


HEATING, 


used ex- 


NDUCTION 
I tensively in heat-treating and sur- 
face-hardening, is finding a wider 
field of applications as demonstrated 
by its use in the production of vacuum 


tubes and electrolytic tinplate. It is 
finding increased application in the 
brazing. soldering, welding and melt- 
ing of metals, and in the preparation of 
metals for forging, extruding, upsetting 
and spinning. 

Differing in several important re- 
spects from the conventional methods of 
heating by conduction, or radiation and 
convection from a hot body, induction 
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heating represents the production of 
heat in a substance by the action of 
alternating magnetic fields. For the pur- 
pose of this article, induction heating 
is confined to the heating of substances 
capable of conduction by placing them 
in the magnetic field of a coil carrying 
an alternating current. 

The rate of transferring energy of the 
conventional and induction-heating 
methods is in sharp contrast. The maxi- 
mum rate of energy transfer from fur- 
nace walls maintained at 2,000 deg. F. 
to a body at room temperature is on 
the order of 3 B.t.u. per min. per sq. in. 


Energy can be transferred by induction 
heating to a piece of steel placed in 
the field of a properly designed coil 
at a rate of 100 to 250 B.t.u. per min. per 
sq. in. without difficulty. 

More than 90 percent of the heat is 
generated in the metal to a depth of 
only an inch below the surface. This 
so-called “depth of penetration” is a 
high function of frequency, and de 
creases as the frequency increases. 
Heating of the piece starts immediately 
when power is fed to the heating coil 
and ceases when power is shut-off, and 
the heat generation is confined to the 


Propuct ENGINEERING — Marcu, 194 





SBRE FS 


=e o E m= g mga w g ga e =E em _ 


= 


eas wes 3s os 








region of metal lying within the in- 
fuencé of the magnetic field. Thus, 
heat can be generated uniformly in a 
locålized portion of the work piece by 

per proportioning of the heating 
wil. Unlike heating in a furnace, heat 
jg not stored at the source. 

In surface hardening, the hardened 
gone can be controlled closely by proper 
ghoice of frequency, and by rate and 
duration of heating. Rapid heating 
makes possible hardening of a shallow 
layer that follows accurately the surface 
contours. Warping is minimized, and 
quenching of the thin surface layer is 
rapid so that simple carbon steels often 
can be used in place of scarce alloy 
steels. The piece to be hardened is 
quenched immediately upon reaching 
the proper temperature. The total 
heating period is so short that the 
metal usually cannot oxidize to any 
great extent. Thus little or no scale 
is formed and cleaning is unnecessary. 
Heating of definite localized areas 
makes possible different hardnesses or 
case depths in different regions of the 
game piece, and the untreated core of 
tough metal remains unaffected. 


Soldering and Brazing 


In soldering and brazing, induction 
heating localizes the heated zone and 
this is an advantage when several 
pieces are to be fastened to a common 
unit, Each joint receives heat so 
rapidly that there is insufficient time 
for heat to be conducted to other parts. 
This often eliminates the need for im- 
mersing parts of a soldered assembly in 
water, or wrapping the parts with a wet 
cloth to keep them cool. 

Induction heating is sometimes ad- 
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vantageous for melting metals when 
the process must be carried out in a 
vacuum or in a controlled atmosphere, 
as in the preparation of certain elec- 
trical alloy steels. A high production 
rate features the preparation of induc- 
tion heating of metals for forging, up- 
setting, extruding and spinning. 

The versatility of induction heating 
is borne out by its use in the manu- 
facture of vacuum tubes and electrolytic 
tinplate. As a matter of fact, induction 
heating represents the only method of 
getting heat into parts entirely sur- 
rounded by a glass envelope. The in- 
ternal parts of vacuum tubes must be 
heated while the tube is being evacu- 
ated. The value of induction heating 
for this application is obvious. 

In the manufacture of electrolytic tin- 
plate, tin is electroplated on the steel 
strip traveling at a rate of 500 to 1,000 
ft. per min. The electrodeposited tin 
has a dull matte finish caused by micro- 
scopic hills and valleys in the coating. 
Its corrosion resistance can be im- 
proved greatly by heating the strip 
slightly above the melting point of 
tin so that the tin will flow and form 
the smooth, shiny surface common on 
“tin cans.” Induction heating is used 
to raise the tinplate above the melting 
point of tin by passing the strip through 
a heating coil only 12 ft. long and re- 
quiring 1,200 kilowatts of power. The 
soft surface of the molten tin is not 
marred. As the end of each coil of steel 
approaches, the travel rate is reduced to 
about 100 ft. per min. to weld the lead- 
ing end of a new coil to the trailing 
end of the old one.* Power output of 
the induction-heating equipment follows 
rapid changes in the strip speed and 
maintains proper temperatures. 


The frequency to be used depends 
upon the application, but it usually is 
not critical. High-frequency currents 
flow only near the surface of the con- 
ductors, and heat is generated only in 
a thin layer adjacent to the surface. 


Surface Hardening 


For surface hardening, the frequency 
is chosen so that depth of penetra- 
tion is somewhat less than the desired 
depth of the hardened zone because 
thermal conduction in the steel results 
in heating to a depth somewhat greater 
than the depth of heat generation, 
which is directly proportional to the 
square root of frequency. 

For a fixed frequency, the depth of 
the hardened zone can be varied by 
varying the rate of heat input to the 
work piece. This permits more or less 
heat to be conducted toward the in- 
terior. When it is necessary that the 
hardened zone be uniformly deep under 
a surface that is broken up by small 
radii of curvature such as fine-pitch 
gear teeth, the depth of penetration 
must be small compared to the radius 
of curvature. 

To heat an object uniformly through- 
out, as in preparing a small slug or 
billet for forging or extruding, the 
depth of penetration should be 1.10 to 
1.3 of the smallest dimension. 


Frequency Requirements 


Frequencies of 3,000 to 10,000 cycles 
per sec., obtained from rotating in- 
ductor-type alternators, are relatively 
standard and are used for heating 
where large pieces are to be heated 
throughout. and for hardening where 









Rotating exhaust machine bakes electron tubes at a temperature of 1,000 deg. F. as they pass through the oven tunnel at right. 
At 10 different locations, high-frequency induction heater coils raise the temperature of tube parts to more than 2,000 deg. F. 
to drive out unwanted gases. Vacuum pumps exhaust the air and gas. Then the tubes are sealed and removed by the operator. 


thick case depths are held necessary. 

For heating material with thin sec- 
tions and for hardening steel where a 
thin case depth is required, the best 
frequencies are from 100 to 450 kilo- 
cycles, obtained from vacuum tube os- 
cillators. The upper limit in this fre- 
quency band is usually set at 450 
kilocycles to avoid possible interference 
with the 500 kilocycle frequency as- 
signed to ships’ distress calls and the 
broadcast band which extends from 550 
to 1,500 kilocycles. 

Having selected the proper fre- 
quency, the next step requires selec- 
tion of an oscillator or rotating gen- 
erator with the proper output rating. 
The amount of power required to heat 
the metal to the desired temperature in 
the alloted time can be calculated fairly 
accurately. When figuring the required 
kilowatt output capacity of the oscil- 
lator, allowances should be made for 
radiation from the work piece, for heat 


184 


conducted away from the heated por- 
tion of the work piece, and for energy 
loss in the heating coil. 

Radiation losses are usually negligi- 
ble for short heating periods. Conduc- 
tion losses vary greatly, depending on 
the geometry of the work piece, the 
kind of material, and the length of heat- 
ing cycle. No single rule can be used 
to estimate such losses. Heating coil 
efficiency when heating magnetic steel 
will be approximately 80 percent or 
better. For heating non-magnetic mate- 
rials, heating coil efficiency will often 
be from 50 to 80 percent. When heating 
materials of low resistivity, or when 
mechanical limitations prevent the heat- 
ing coil from closely surrounding the 
work, the coil efficiency may be less 
than 50 percent. 

In most instances, the heating coil is 
wound with its axis parallel to the sur- 
faces to be heated. The coil turns should 
lie as close to the surfaces to be heated 


as voltage conditions will allow. Under 
these circumstances, power is generated 
in the surface directly under the coil 
turns. The power input to the work is 
proportional to the product ampere 
turns per inch in the heating coil, and 
the square root of the resistivity of the 
material being heated multiplied by the 
frequency of the current. It depends 
also on the magnetic properties of the 
material. Magnetic materials will ab- 
sorb energy from 20 to 100 times more 
rapidly than non-magnetic materials. 

Steel loses its magnetic properties at 
the Curie temperature which is in the 
neighborhood of 1,350 deg. F. The re 
sult of this is that an oscillator with a 
larger output capacity than that indi- 
cated by simple calculations is needed 
if a steel piece is to be heated above 
Curie temperature because, during the 
latter portion of the heating cycle, the 
total available power output capacity is 
not utilized. 
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Truss-Type Fuselage Analysis 
With Graphical Solutions 


GAIL SWAN and RICHARD H. GADE 


Structures Group, Kaiser Cargo, Inc., Fleetwings Division 


Application of the graphical method of joint analysis to determine distribution of weights, 
loads and inertia reaetions of external loads in truss-type fuselages. The moment distri- 
bution method is applied for evaluating secondary bending effects resulting from deflection 
or eccentric forces between panel points. 


ture balances all static loads and 

applied forces. In flight conditions 
the fuselage structure also balances the 
wing, tail surface, and engine loads with 
the inertia reactions. In landing condi- 
tions it balances the ground loads with 
the inertia reactions. Therefore, it is vi- 
tally important in the stress analysis of 
a fuselage, that the structure be in static 
equilibrium between applied forces and 
reactions. The equilibrium should be 
checked before analyzing for any condi- 
tion. 

In analyzing a fuselage structure of 
any type the first step is to distribute 
the weights of all items attached to the 
fuselage and the fuselage weight itself 
to convenient panel points along the 
length of the structure. The particular 
method employed for distributing the 
various weight items depends on the 
type of structure. 

Weight items and locations of their 
centers of gravity should be taken from 
the weight and balance report. The cen- 
ter of gravity of the airplane should 
check exactly with that found for the 


Į AIRPLANES, the fuselage struc- 


distributed weights at the panel points 
of the structure. 

These distributed loads when multi- 
plied by the load factors, normal and 
longitudinal, comprise the inertia reac- 
tions to external loads applied to the 
airplane. 

In aeronautical engineering the load 
factor is the number by which the ac- 
celeration caused by gravity is multi- 
plied to obtain the acceleration that the 
airplane is to withstand. Load factors 
are based mostly upon experience and 
the operational requirements of the air- 
plane as specified by the contractor. 

The bending moment and shear at any 
section of the fuselage is the algebraic 
summation of the moments and shears 
from these inertia reactions and the ex- 
ternal applied loads. 


Truss-Type Fuselage 
A slight error in the vertical location 
of the center of gravity usually occurs 
in a truss-type fuselage because of 


weight items located outside the major 
fuselage structure. This error, if small, 
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Fig. 1—Graphical method for distributing weight items to panel points of truss 
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Typical solution diagrams are included. 


may be neglected, but should be remem» 
bered in a check of the balance of the 
fuselage. 


PANEL PorNr DISTRIBUTION. At the be- 
ginning of the design, the center lines 
of all truss members are located. The 
joint intersection of the longerons and 
the side truss diagonal members are 
used as the panel points for the distri- 
bution of the weight items. The loca- 
tions of panel points are found with re- 
spect to the reference axes that were 
used in calculating the weight and bal- 
ance report. For the distribution, a draw- 
ing should be made to a convenient scale 
showing the centerlines of all members, 
the center line of thrust and the weight 
reference axes. 

The center of gravity of all items to 
be distributed should then be marked 
on this drawing. 

The graphical method of distribution 
can be explained by reference to Fig. 1, 
which represents the members in a side 
panel. Points A, B, C and D are panel 
points. Point O is the location of the 
center of gravity of a weight item to be 
distributed to points B, C and D. Draw 
lightly through B the line cd parallel to 
CD. Through C draw line bd parallel to 
BD. Through D draw line cb parallel to 
CB. If the weight of the item at O is 45 
lb. to obtain the portion of this weight 
supported at panel point D, take an engi- 
neer’s scale and with some convenient 
linear scale, place zero of the scale any 
place on line CB so that the scale goes 
through point O and reads 45 on line cb. 
Then the intersection of point O on the 
scale is the portion of 45 lb. supported 
at point D. This is a graphical method 
of taking moments about CB of the 
weight and panel point load. 

For the load at point B, some other 
scale may have to be used, but the 
principle is the same; the scale going 
through point O, with the zero mark 
along line CD and the 45 mark along 
line cd. This method is used for the 
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distribution of all concentrated weight 


Weight items which are not concen- 
trated, but are located in several bays 
of the fuselage such as the control sys- 
tem, electrical system and fuselage 
weight, are distributed to the panel 
points either from detailed breakdown 
of the individual weight items with their 
centers of gravity, or by logical estimates 
as to the distribution. When estimates 
are used, one can expect slight variations 
from the correct center of gravity loca- 
tion of the total weight. 


GRAPHICAL SOLUTIONS FoR LOADS ON 
Truss Members. For the analysis of a 
fuselage truss, which is generally a non- 
parallel chord structure, the graphical 
method is easily carried out. The proce- 
dure, as used in Fig. 2, is similar to that 
ysed in roof truss and bridge design, 
known as the method of joints, in which 
forces are determined from force poly- 
gons. Loads and reactions are assumed 
to be axial with respect to the truss 
members. Only two unknown member 
loads can be solved for any one joint 
(analyzing only a planar truss), be- 
cause in the analysis of a joint only two 
equations of equilibrium can be written. 


H = 0,and Z V = 0 
H = horizontal forces or components 
V = vertical forces or components 


The procedure for the graphical solu- 
tion of a truss is straight forward for 
symmetrical loads. Fig. 2 shows the 
method with an analysis of a fuselage 
structure for a normal load factor n, 
equal to —8.5 and longitudinal load fac- 
tor n, equal to +0.118. Judgment must 
be used in choosing suitable scales for 
the force polygons to suit the degree of 
accuracy required. 

Phantom trusses should be drawn for 
cantilever tail-wheel structures, for bays 
that have panel points within the struc- 
ture, and for the connection of the power 
plant center of gravity to the firewall. 


Effects of Torsional Loads 


To determine the effects of torsional 
and unsymmetrical loads on the fusel- 
age, judgment is required in the an- 
alysis. Loads, type of structure, and 
reactions must be considered. For a com- 
pletely closed structure such as one 
having a truss on all four sides, side 
bending will be taken equally by the 
longerons, and the torsional moment will 
be taken equally by the top and bottom 
and by the side trusses. Thus the loads 
and reactions are calculated and the four 
trusses isolated separately and analyzed. 
This condition of a completely closed 
truss structure occurs rarely in a fusel- 
age design because of the necessity for 
cutouts to accommodate the tail-wheel 


installation and the cockpit openings. 

In the cutout regions the side shear 
must be carried by a single horizontal 
truss, and the torsion balanced by equal 
and opposite vertical shear loads in the 
vertical trusses of a three-sided truss 
structure. Bulkheads (cross-diagonal 
members) redistribute the shear loads. 

Since the structure at a cutout is in- 
determinate, the distribution where the 
structure changes from a closed struc- 
ture to a three-sided structure is made 
by the stress analyst, governed by as- 
sumptions based upon the size of the 
cutout and the rigidity of the trusses. 
For example, in a structure with a cut- 
out located immediately forward of the 
vertical tail surface bulkhead, the side 
trusses have equal and opposite bending 
loads to resist the torsion induced by the 
vertical tail force. If the intermediate 
section of the fuselage is a closed struc- 
ture, the moments have two paths: (1) 
They can remain in the side trusses to 
be carried forward to the wing fittings 
and be balanced out in the wing struc- 
ture, or (2) they can be balanced out in 
the closed section with the use of the 
bulkheads and the loads continue for- 
ward by torsion and side shear bending. 
The latter path is usually the most rigid, 
but the former path should not be ig- 
nored. 

Once a distribution is decided upon, 
reactions should be determined, the 
trusses isolated, and graphical solutions 
made. It must be remembered that the 
longerons are considered acting with the 
vertical and horizontal trusses and the 
actual load is determined by the alge- 
braic sum of that found in the separate 
solutions. 


Unit Sotutions. Before an analysis is 
made for any particular condition, two 
unit solutions should be made, similar to 
Fig. 2 except that one should be for the 
airplane normal load factor n, equal to 
1.0, and one should be for the longitud- 
inal factor n, equal to 1.0. These an- 
alyses will be a help not only in deter- 
mining critical conditions but also to use 
as a partial solution for some conditions. 
Relative magnitudes of loads can be de- 
termined quickly and a suitable scale for 
the critical conditions can be better 
judged by these solutions. 


Joint Frxiry. Strut design is based on 
column curves obtained from test re- 
sults of the members used in the truss. 
Knowing the length and fixity (end re- 
straint) of each individual member, the 
allowable axial load can be determined 
from the appropriate column curve. The 
coefficient c of joint rigidity assumed for 
design is as follows: 

1. For stainless steel members with a 
completely spot-welded and gusseted 
joint at both ends, c equals 2.0. 

2. For steel tubular members that 


Propuct ENGINEERING — Marcu, 1944 


ra 


are arc- or gas-welded at both ends, c 
equals 2.0. 

3. For any tubular members that are 
riveted at both ends, c equals 1.5. 

4. For members with a pin joint at 
one end and a welded joint at the other, 
c equals 1.5. 

5. For those members that cross each 
other but do not have any side support 
at the intersection a fixity of c equal to 
2.0 is assumed, but the length of the 
member is taken as continuous through 
the joint with no side support from 
the other members. This is not an iron- 
clad rule; the type of loads in the mem- 
bers, compression or tension, must also 
be considered. 

6. In general where a member has 
different types of end attachment the 
average fixity of the two end conditions 
is used. 


Secondary Bending 


Seconpary Benpinc CAusep By DEFLEC- 
TION. In all truss analyses for the calcu- 
lation of the axial loads in the indi- 
vidual members, pin joints are assumed 
at all points of intersection of the mem- 
bers. This is for simplicity and also be- 
cause the most rigid path for load trans- 
fer is by axial loads in the struts rather 
than by bending of the members. In an 
actual structure, the unsupported joints 
will deflect, and since the members us- 
ually have some fixity at the joints, these 
deflections cause joint rotation and 
hence bending moments in the members. 
This condition is referred to as second- 
ary bending. The secondary bending 
stress may be as much as 25 percent of 
the axial stress and is taken into ac- 
count in truss design by assuming a fix- 
ity coefficient of c equal to 2.0 for fixed 
joints. The computations involved in the 
exact calculation of these secondary 
stresses are quite complicated since they 
require the calculation of the deflection 
of all joints with respect to each other. 
Secondary bending stresses are seldom 
calculated except to obtain more accur- 
ate margins of safety than those found 
by using the assumed fixities previously 
cited. 


SECONDARY BENDING CAUSED BY LATERAL 
Forces or Eccentricity. Where large 
concentrated weight items are attached 
to a truss member between panel points 
on the actual structure, secondary bend- 
ing is introduced in that member. If 
this member is rigidly attached at its 
ends to the joints, all other members 
that are connected to these joints are 
also forced to bend. Eccentricity of en- 
gine mount and landing gear members 
at the fuselage attachments occurs fre- 
quently in design. This eccentricity at 
major fittings introduces bending mo- 
ments of considerable magnitude. 
Therefore, the distribution of these mo- 
ments and their effects upon the allow- 
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Fig. 3—Moment distribution analysis for secondary moments. 


Table I—Data for Analysis of Truss-Type Fuselage Structure 
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able strength of the structure are cal- 
culated. 

A moment distribution analysis for 
secondary moments is as follows: 

1. Determine the magnitude of ap- 
plied moments at the pertinent joints. 
For lateral forces, assume fixed ends 
for the loaded member and calculate 
the end moments. For eccentricity, cal- 
culate the algebraic summation of the 
induced moments of the forces in the at- 
taching members about the joint center 
line. 

2. In tabular form, determine the 
carry-over factors, stiffness factors, and 
distribution factors for all members 
which are affected appreciably by the 
applied moments. These factors are de- 
termined on the basis of their axial 
loads and relative bending rigidity. (See 
E. Lundquist and W. D. Kroll, “Tables 
of Stiffness and Carry-Over Factors for 
Structural Members Under Axial Load,” 
N.A.C.A., T.N. 652). 

3. On a sketch of the truss system, 
note the carry-over and joint distribution 
factors. 

4. Then apply the fixed end moments 
determined in (1) and carry through a 
moment distribution until the unbal- 
anced moments become small. For sign 
convention, use counter-clockwise mo- 
ment as positive. 

5. On the basis of the bending mo- 
ments determined in the moment dis- 
tribution, calculate the maximum bend- 
ing stress caused by both the end mo- 
ments and axial load, and determine the 
margin of safety on the basis of the com- 
bined axial and bending stresses. (See 
A. S. Niles and J. S. Newell, “Airplane 
Structures,” Vol. I & II, 1938). 

An analysis, to illustrate the proce- 
dure, will be made of the forward 
fuselage section panels z, s, and r of 
Fig. 2, loaded in bending caused by the 
eccentricity of the engine mount at- 
tachment with respect to the firewall 
panel points. Fig. 3 is a diagram of the 
truss system in panels t, s, and r of Fig. 
2, but with new notations for the panel 
points and truss members. 

Joint D of Fig. 3 is considered pin 
ended because of the type of attachment 
to the wing. Joint Æ is arbitrarily as- 
sumed pin ended for simplicity. A more 
rational assumption of 50 percent fixity 
at joint E would have negligible effect 
on the distribution. 

The magnitude of the applied mo- 
ments at the pertinent joints Æ and B 
are respectively +4,810 and +2,105 
in. lb., caused by the vertical load. 

In Table I are given the axial loads 
P on the truss members, lengths L and 
moments of inertia J of the various mem- 
bers, stiffness factor 1/L, factor j, ratio 
L/j, carry over factor, stiffness correc- 
tion factor C, corrected stiffness coeffi- 
cient K, and distribution factors. 
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Carry over and joint distribution fac- 
tors from Table I are noted in Fig. 3 on 
the truss system. Also noted in Fig. 3 are 
the fixed end moments, balance mo- 
ments, and carry over moments. Posi- 
tive moments are taken as counter- 
clockwise. 

There is also a moment brought into 
the fuselage caused by the side load. 
But this moment can, by the easiest path, 
balance itself in the top and bottom 
trusses across the front cross members, 
and only a small moment will be carried 
aft into the fuselage as a result of the 
deflection from joint rotation. 

Results of an analysis of the first bay 
of top truss are given in Table II and 
indicated in Fig. 4. In this analysìs it 
was assumed that joint C has pin ends. 
Also, the analysis neglects the effect of 
axial loads already existing in the mem- 
bers. 

The individual fuselage members are 
then checked for combined stresses re- 





sulting from axial load and bending 
moments about two perpendicular axes. 

Using this data, allowable stresses are 
obtained from A. N. C.—5, “Strength of 
Aircraft Elements,” taking into consid- 
eration the end fixity and type of at- 
tachment of the members at the joints. 
For combined stresses, utilization factors 
should be calculated and combined as 
also shown in A. N. C.—5, “Strength of 
Aircraft Elements.” 
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Table II—Top Truss Bay Analysis Data 
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Fig. 4—Distribution of moments brought into the fuselage by side load. 





Sheets up to 60 x 144 in. can be handled in Vultee Field Division’s primary-exposure printer. 


Primary-Exposure X-Ray Method 


For Reproducing Templates 


THOMAS MILES 


Reproduction Supervisor 


Consolidated Vultee Aircraft Corporation 


Advantages and limitations of the primary-exposure method of template reproduction, 


one of the two X-ray methods now in use, are discussed. 


Procedures for preparing lay- 


outs and metal negatives are given in full, as well as details of the reproduction process. 


IMENSIONAL variations and 

operational difficulties inherent 

in the projection method of 
template reproduction, led to an investi- 
gation a relatively short time ago by the 
research departments of both Eastman 
Kodak Company. and General Motors 
Corporation. This resulted in the devel- 
opment of two methods using X-rays for 
reproducing templates. One of these, 
which uses the fluorescence from a spe- 
cially-lacquered sheet activated by 
X-rays to expose a photographically 
sensitized sheet, is known as the pri- 
mary-exposure method. The other, 
which uses the phosphorescent residue 
succeeding X-ray activation to fluores- 
cence to expose the sensitized material, 
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is known as the after-glow method, Each 
has its specific applications. 

The primary-exposure method is best 
suited to reproduction of the many rela- 
tively small parts found in the fabrica- 
tion and tooling for an experimental 
aircraft. The after-glow method is best 
suited to the quantity reproduction of 
drawings 48 x 72 in. and larger. How- 
ever, the laboratories of Consolidated 
Vultee Aircraft Corporation have found 
that equipment equally suited to either 
is practical and simple to build. 

The maximum size sheet that can be 
reproduced by either method is usually 
dictated by the stock sizes of metal 
available, rather than the equipment. 
At present the majority of installations 


are for sheets 60 x 144 in., but the lab- 
oratory at the Fort Worth Division of 
Consolidated Vultee is equipped to han- 
dle 84 x 168-in. sizes. The problem of 
handling large sheets must be given 
careful consideration. It was discussed 
in detail in Propuct ENGINEERING for 
Jan., 1944, p. 57, the first article of this 
series. 

In the spring of 1941, the fluorescent 
material, photo-sensitive emulsions and 
lacquers necessary to operate X-ray te 
production laboratories became avail- 
able. Two laboratories were designed to 
use the primary-exposure method be 
cause research work on the after-glow 
method had not progressed beyond pre- 
liminary stages. In March of 194, 
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however, Vultee Field Division’s equip- 
ment was expanded from 48 x 144 to 60 
x 14 in. and revised according to the 

jence gained by 18 months of oper- 
stion. The new equipment works equally 
yell using both primary exposure and 
sfterglow. The revision embodied several 
new principles developed by the author 
md has proved more satisfactory than 
anticipated. 

Established engineering procedure at 
Vultee Field Division was revised to 
introduce the primary-exposure method 
at the point when the first details of 
sheet-metal parts or assemblies were 
drawn. These are now detailed directly 
on metal as a fabrication layout (devel- 
opment engineering) or master-lines 
layout (production engineering). Con- 
sequently, these layouts are the only 
source of information from which to ob- 
tain construction details. 

To make these drawings, the regular 
template-layout men were incorporated 
in the drafting room with the different 
structural groups. They work from 
sketches, lofting information and pre- 
liminary design drawings to produce 
well-coordinated, up-to-date layouts at 
the outset. These accurate, full-scale 
layouts are made in approximately the 
same time formerly required by a de- 
tailer to make up a drawing on vellum. 
The use of only a few pertinent di- 
mensions, such as joggle depths, is 
suficient. This also localizes responsi- 
bility for layout. All formed parts are 
developed into flat patterns and form- 
bock mold lines are indicated by a 
dotted line. Bend radii, direction and 
angle of flange, tooling and rivet-hole 
sizes, material, heat-treatment, drawing 
number and dash number are shown 
within the flat pattern of the part. This 
permits a complete check, even after 
the block or part has been cut out. 

When the draftsman finishes a fabri- 
cation layout or master-lines drawing it 
is released to a planning clerk who fills 
out a reproduction request for tem- 
plates, master templates, parts, form 
blocks, assembly fixtures, full- or re- 
duced-scale transparencies and other 
pertinent data. The clerk delivers the 
layout to the reproduction department 
with the request and follows up by see- 
ing that all reproductions are delivered. 

For development engineering, repro- 
ductions of the parts and blocks on the 
Proper fabrication material are re- 
leased to the shop, where the parts are 
cut out and formed on the blocks. This 
eliminates steps (6) and (7) in the 
general schedule given in the first arti- 
le of this series. This method is par- 
ticularly applicable to the construction 

prototype aircraft and makes it pos- 
tible to have finished parts installed in 
a little time as 4 hr. from the drafting 

If changes are necessary the 
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pencil lines on the layout are erased 
and corrected and the affected parts re- 
produced again. 

For production engineering the tem- 
plates, with a master template, are sent 
to the template department, tooling de- 
partment, plaster shop or to an outside 
subcontractor or other division. In some 
cases sample parts are reproduced on 
aluminum to aid the tooling department 
in building jigs and other tooling and 
to check the master lines themselves by 
fabrication. A 50 percent saving in 
over-all tooling time was observed in a 
recent project through the use of mas- 
ter-lines layouts and their reproduction. 
Ground surface plates up to 24 x 60 in. 
of varying thicknesses, in weights up to 
350 lb., have been reproduced. A 
method of etching the lines onto the 
ground surface plates to permit grind- 
ing and welding will be introduced. 


Layout Material Preparation 


The sheet stock used for layouts is 
either 0.032-in. body steel for the 
smaller sizes or 0.05l-in. 24ST alumi- 
num-alloy for sheets 48 x 72 in. or 
larger. Aluminum alloy is used for the 
larger sizes because steel sheet will 
warp more easily and is more difficult 
to handle than the lighter aluminum. 
Also, the X-ray penetration of alumi- 
num is three times that of an equal 
gage of steel. 

The sheet is first degreased in trich- 
loroethylene vapor, thoroughly cleaned 
with wash thinner and sprayed with one 
coat of Eastman Primer No. 20331. 
When dry, two coats of Eastman Lac- 
quer No. 20340-A are applied followed 
by three box coats of Eastman Fluores- 
cent Lacquer No. 20540 with a light 
sanding between the last two coats. Both 
lacquers are thinned with one part East- 
man Thinner No. 2356 before spraying. 
A pressure pot with agitator is used to 
insure complete mixing of the heavy 
fluorescent pigment, but care should be 
taken not to mix more than will be used 
in one day because the abrasive effect 
of the crystalline pigment will wear out 
both the vessel and the propeller and 
mix deactivating metals into the pig- 
ment, resulting in poor fluorescent qual- 
ities. After the fluorescent lacquer has 
air-dried for 4 to 6 hr. it is sanded with 
No. 260 paper and finished to a satiny 
surface. A smooth, uniform surface is 
important to obtain line quality. 

The sheet is now ready for the layout 
of lines with a 4H to 6H pencil sharp- 
ened to a chisel point. It is well to go 
over a line at least twice to make it as 
dense as possible without widening. 
After a layout is finished it may be pro- 
tected by brushing on Mimax, a new 
water-soluble overcoat material that is 
easily removed by water rinsing without 








affecting line quality. Grime and finger 
marks are thus kept off layout surface. 

Metal negatives can be prepared on 
either thin aluminum or very thin steel 
sheet. The preparation is the same as 
for layouts except that only two box 
coats of fluorescent lacquer are used in- 
stead of three and after air-drying over- 
night the surface is sanded with No. 
260 paper and given two coats of East- 
man Clear Lacquer No. 20971 to pro- 
vide a base for subsequent sensitizing. 
Negative stock may be recovered by re- 
moving the processed emulsion with a 
10 percent caustic solution, spraying 
with two more coats of No. 20971 
lacquer and resensitizing. 

If steel is used, an etching solution 
of the butyl-ccllosolve-phosphoric-acid 
type helps cleaning and adhesion of 
lacquers. The back of the steel should 
be well covered with lacquer to prevent 
rust and contamination. 

In two years of operation no deteri- 
oration of the fluorescent lacquer has 
been observed in the Vultee Field lab- 
oratory, even though some of the lay- 
outs have been worked over almost 
continuously. The dimensional stability 
of the method is limited only by the 
thermal expansion coefficients of the 
metals used. 

Shrink templates for the plaster shop. 
are made from master templates with 
the aid of a high-precision pantograph 
equipped with a solenoid-actuated prick 
punch. The operator follows a contour 
with a stylus on one arm of the panto- 
graph, while the prick punch on the 
other arm makes a series of points on 
the template metal. The solenoid is 
activated by a button switch. 

Full-scale transparencies are made by 
exposing a sheet of sensitized tracing 
paper or cloth. Because these materials 
are less sensitive than the matte trans- 
fer paper used on metal, it is necessary 
to utilize all the radiant energy avail- 
able. Hence, the fabrication layout is 
placed face down on the printer and 
penetrates the transparent material 
only. The exposure when using De- 
fender Litho-T is 3 min. by primary 
exposure at 100 kv. peak, 7 milliam- 
peres. The transparency is now devel- 
oped in D-85, fixed, washed, locally 
reduced in Reducer R-4a, washed and 
dried. The resultant negative trans- 
parency is printed in a glass-topped 
contact printer to a positive on any one 
of a number of available papers or 
cloths. The positive transparency is 
then sent to the blueprint department 
for duplication. 


Reproduction Procedure 


When the layout is received by tem- 
plate reproduction, the first step in 
making positive reproductions is to 


19] 


Individual valves, arranged in a pattern identical with that of the cups in the lid of 
the X-ray printer, control each vacuum cup so that any or all cups can be used. 
The automatic timer control is at the right of the operator. 


make a metal negative by the after-glow 
method. To do this the layout is placed 
face down on the top of the X-ray 
printer table, the lid with attached 
vacuum blanket and vacuum cups is 
lowered, the activation exposure of 5 
min. is set on the automatic timer and 
the starting button pressed. During the 
activation period the vacuum cups over 
the layout are switched into the vacuum 
line by individual valves. This seals the 
cups to the back of the layout so that 
the vacuum-blanket valve can be op- 
ened. 

At the end of the activation period 
the timer breaks the X-ray circuit and 
the lid is raised by the pneumatic cylin- 
der, also lifting the layout that has been 
activated. The sensitized metal negative 
is then placed face up under the layout, 
the lid lowered and the vacuum on the 
blanket turned on as it comes down. 
Thus, a vacuum-sealed contact between 
the metal negative and activated layout 
is obtained in four seconds from the 
first touching of the two sheets. This 
short time does not allow the activated 
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sheet to veil the lines before intimate 
contact is established. Using the vac- 
uum cups in this way also reduces the 
number of handlings of the layout and 
eliminates any sliding in and out of the 
two sheets, with consequent scratches. 

After 5 min. exposure to the activated 
layout, the negative is removed from 
the printer, developed in D-1ll, acid 
rinsed, fixed for 10 min. in F-5, washed 
in the spray wash tank for 10 min., the 
excess water removed and dried. If de- 
sired, a rinse of the wet negative with 
a diluted reducer solution will aid in 
clearing the lines, followed by a few 
minutes clearing in the hypo and an- 
other washing. 

When dry, the metal negative is 
placed face up on the X-ray printer and 
the sensitized reproduction material 
placed over the area to be reproduced. 
The lid is lowered, vacuum applied to 
the blanket and a primary X-ray ex- 
posure of 1 min. to the fluorescent me- 
tal negative is made by the timer. The 
lid is raised and the exposed material 
is removed and processed like the metal 


negative. The resultant reproduction is 
a positive print, known in the Valte 
Field laboratory as a “posicon.” 

In the construction of prototype air. 
craft, reproduction of both left-hand 
and right-hand parts, templates and 
form blocks is a great aid to the experi. 
mental shop. Thus, in making th 
right-hand reproductions the fabrica. 
tion layout is placed face up on th 
printer, the reproduction materia] 
placed over the desired area and a pri 
mary exposure made as described for 
posicons. After processing, the result 
ant reproduction is negative, and is 
known as a “negicon.” Use of such 
terms, for example, helps to distinguish 
between the negative reproduction and 
the metal negative. 

Reproductions for prototypes, made 
directly on aluminum, magnesium or 
steel, are cut out, formed, heat-treated 
if necessary, painted and installed in 
the shop. Reproductions on Masonite 
are cut out and pins placed in tooling 
holes ready for the cut out part to be 
placed over it and formed in the hydro 
press, eliminating the making of tem 
plates for both parts and form blocks, 
Master posicons are supplied to the 
shop along with drawings of the parts 
and blocks for checking and scaling di 
mensions of such parts as extruded see. 
tions and angles. Reproductions on 
plywood are used as assembly fixtures 
to build up experimental tooling and 
construction jigs. 

On drawings containing a centerline, 
the complete contour or assembly is 
made by making a metal negative, a 
second fluorescent posicon, drilling 
small tooling holes along the centerline 
on both, drilling the same holes ina 
sensitized sheet large enough to take 
both halves, using the metal negative a 
a drill guide, bolting the negative to the 
sensitized sheet, exposing, removing the 
negative and bolting the fluorescent 
posicon to the sensitized sheet by the 
same holes and exposing the remaining 
half. The processed reproduction i 
half posicon and half negicon, but is 
accurate as to complete contour. 


X-Ray Printer 


The X-ray printer is designed to i 
corporate into one machine the oper 
tions necessary to make both primary 
exposure and after-flow reproduction: 
and to use as much material as possible 
from the previous installation. Iti 
built around two General Electric X-1 
inspection units operated at a constan! 
voltage of 100 kv. peak and constant 
milliamperage of 7. Each machine cot 
ers an area 5 x 6 ft. at a distance of 8 
in. from the table top. For the primary 
exposure method it was necessary 
have the machines under the table to? 
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and they were consequently installed in 
aconcrete pit 544 x 14 ft. and 6 ft. be- 
low the floor level. 

Because the 6-in. concrete walls of 
the pit provide ample protection against 
this voltage of X-rays they were ex- 
tended 2 ft. above the floor to provide 
a mount for the table top and lid con- 
taining the vacuum blanket. The use of 
concrete in this way eliminates the cus- 
tomary lead lining and supporting 
structure and is less expensive, in addi- 
tion to simplifying the design. A cap 
of 2-in. wood fastened to bolts set in the 
top of the concrete wall provides the 
base for the l-in. plywood table top. 
Corbels set in the back wall serve to 
mount the hinges of the lid. 

A vacuum blanket was built to order 
and includes 16 3-in. vacuum cups 
sealed into the blanket. They are so 
placed as to cover a 48 x 144 in. layout. 
Each cup is connected to a valve and all 
the valves are mounted in a panel on 
the top of the printer lid next to the con- 
trol panel. A counterbalance was con- 
nected to the lead-lined lid and a pneu- 
matic double-acting cylinder was in- 
stalled to move the counterbalance. 

The control for the lid and the control 
for the vacuum blanket were installed 
on the main control board and inter- 
locked mechanically to prevent the lid 
being raised while the vacuum is on. 
The control panels for each X-ray ma- 
chine, the automatic timer and the main 
vacuum gage were all built into the 
main control board and the electrical 
circuit was arranged so that the X-ray 
machines can be operated indepen- 
dently or simultaneously by the timer. 

Limit switches on the lid and access 
doors of the printer are connected to 
the X-ray circuit to prevent accidental 
exposure of the operator. The lid has 
a lead skirt to cover the crack between 
the lid and the concrete wall. The op- 
erator of the printer wears a portable 
X-ray detection chamber and to date 
the maximum leakage observed is less 
than half that allowed for continued 
safety by the National Bureau of Stand- 
ards, For convenience the 30-cu.ft. per 
min. vacuum pump and storage tank 
were installed in the pit with the X-ray 
machines. The inside of the printer is 
continually ventilated by a fan to dispel 
any moisture accumulation through 
Xray locked vents. The two beams of 
X-rays are blended together at the 

Printing surface by careful adjustment 
of thin lead wedges placed close to the 
tubes. 

Using the after-glow method, this 
printer has made as many as 12 metal 
negatives at the same time. Primary ex- 
posures have been made from as many 
4youts or metal negatives as can be 
Placed on the 60 x 144-in. table top. 

€ use of two machines enables the 
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Two X-ray machines, the vacuum pump 


making of exposures from two different 
kinds of originals at the same time by 
varying the voltage and current of each 
machine. The lifting of the activated 
layout in after-glow printing saves many 
man-hours and reduces the number of 
handlings of the layout by one-half, be- 
sides effecting extremely rapid vacuum 
contact. 

This printer alone replaces at least 
two machines in other installations and 
three in one particular case. When 
operated at capacity, it will make up 
to 5,000 sq. ft. of primary exposures 
per 8-hr. shift. In reproducing parts 
and form blocks any number of differ- 
ent gages of metal, wood, and Masonite 
can be reproduced simultaneously. The 
total cost of this printer was just under 
$4,000. ° 

The cost of Vultee Field Division’s 
template-reproduction laboratory to 
date has been $16.000, which includes 
the original installation built nearly 
three years ago and subsequent revi- 
sion. In these revisions all of the pre- 





and storage tanks are mounted in the pit. 


vious equipment was changed or new 
equipment was purchased, except the 
building itself. 

The capacity of the laboratory with 
the new equipment has yet to be reached 
but it is estimated at about 3,500 sq. ft. 
per shift on large sheets and 1,000 sq. ft. 
for small parts and form blocks. This is 
with a six-man crew in the template sec- 
tion and one man on the vertical preci- 
sion camera described on page 130 of 
the February number of Propuct ENcr- 
NEERING. 

The quantity production advantages 
of primary exposure are indicated by 
comparing the relative production 
times—for primary exposure the ex- 
posure is 1 min. for aluminum and 3 
min. for steel; for after-glow at least 
5 min. are necessary for activation and 
another 5 min. for exposure. 


Eprtor’s Note—The after-glow method 
of template reproduction will be dis- 
cussed in detail in the next installment 
of this series. 


193 





SE of universal shafts for remote 
control through rotating shafts is 
well exemplified aboard ships where 
many are used in controlling electric- 
hydraulic cranes, windlasses, steering 
gears, throttle valves for propulsion 
and other ship controls. Flexible con- 
nection of such shafts, even when 
aligned, is necessary because of a 
lack of sufficient rigidity in the sup- 
porting structure. Universal joint and 
telescoping shaft, similar to the con- 
ventional automobile propeller shaft, 
is used in all illustrations. These 
shafts are practically free from back- 
lash and the joints may be equipped 
with anti-friction needle bearings for 
more efficient control. 
The limitations of the conventional 
universal joint must be taken into ac- 
count in these layouts. One such limi- 


-P 


tation is that the angle of bend of 
joints must not exceed 30 deg. When 
proportionality in fractional turns of 
shaft components is required, conven- 
tional joints are suitable only if the 
following conditions are fulfilled: 

(a) Two universal joints at oppo- 
site ends of a universal shaft must be 
used. 

(b) Control shafts, which are to be 
joined by a universal shaft, must be 
co-planar. : 

(c) Angles of bend must be the 
same for each joint at ends of uni- 
versal shaft. 

It should be noted that other types 
of universal joints, which do-not have 
these particular limitations, are avail- 
able. Among - these is the Bendix- 
Weiss, which has about the’ same 
angular limitation of 30 deg. bend of 






UNIVERSAL CONTROL SHAFI 


shaft but not the lack of proportion. 
ality in fractional turns of shaft com. 
ponents. Such joints cost more than 
the conventional type. However, in 
some instances one joint might re 
place two of the conventional type. 
Typical of joints that have neither 
of these limitations are the Conseco 
joint, which is made by Condenser 
Service and Engineering Company, 
and the Balco joint made by Ballou 
Service and Instrument Company, 
These are similar to bevel gears in 
operation but have teeth or their 
equivalent that mesh at any angle. 
Operating ranges for the first is 135 or 
360 deg. depending on its position, 
and 92 deg. for the latter. In some 
applications corrosion and lubrication 
problems resulting from open construe. 
tion, and backlash are objectionable. 


Fig. 2—If aligned span exceeds 10 to 


12 ft., double universal 


aft with inter- 


mediate steady shaft may be necessary. 


n Controlling shaft 
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Has no backlash 
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Fig. 1 — Aligned universal shaft permits 
small changes in relative positions of con- 
trolling and controlled shafts. Performs 
well at high speed when AB=10 to 12 ft. 
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Fig. 5 — An auxiliary steady bearing between two uni- 
Pipaq asinawiwapa versal shafts increases maximum displacement from 
š 60 to 120 deg. for greater clearance. 





° Given: Points A and B, and lengths rı, rə and rs 
: around A, B and C respectively. 


Construction: Draw AK and BL to clear obstacle and 
thus locate C. Bisect angle ACB by CM and draw NO 
perpendicular to CM, thus locating E and F. Draw ED 
parallel to CA and FG parallel to CB to establish 
points D and G. Draw AD and BG. 





P 


Oo o ee me -—— - — -— 4- —. 


Fig. 4— Conventional non-aligned universal shaft and 
control shafts reproduce exactly all operating turn 
angles only when control .shafts are co-planar and 
make the same angle with universal shaft. This ar- 
rangement is preferred to parallel control shafts, even 
when the latter is possible, because displacement 
angles are reduced. Compare with Fig. 3. 


| Given: Points A and B, direction of shaft PA, and 
k M >| length r. Shafts are co-planar. Angle a = B <30 deg. 


tae 


Construction: Join A and B, draw are with radius r 
around B, and draw DC parallel to AB, thus locat- 
ing C. 


FIG.4 
(continued on next page) 
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UNIVERSAL CONTROL SHAFTS (continued) 


Fig. 6—Non-aligned universal 
shafts give greater freedom in 
clearing obstacles and in locat- 
ing equipment when both con. 
trol shafts can be turned radially. 


Given: Points A and B, and 
lengths r. Shafts are co-planar. 
Angle a = B < 30 deg. 


Construction: Join A ahd B, 
draw arcs with radii r around 
A and B. Draw line parallel to 
AB with sufficient clearance of 
obstacle and thus locate points 
C and D. Draw AC and BD. 


Fig. 6({A) —Given: Same con- 
ditions as in Fig. 6 except r; 
and ro are not equal. 


Construction: Join A and B, 
draw arcs with radii rı and re 
around A and B respectively. 
Lay off angle BAK = 30 deg. 
thus locating point C. Through 
B draw line TT parallel to AK, 
thus locating point S. Join C 
and S, thus locating point D. 
.Draw BD. If clearance between 
CD and obstacle can be safely 
decreased, reduce angle BAK 
and repeat procedure for more 
efficient arrangement, such as 


AC’D’B. 


FIG.6 


Fig. 7— When angular limitations of two uni- 
versal shafts must be exceeded, an intermediate 
bevel gear box can be used instead of a steady 
bearing. This is more economical and less cum- 
bersome than three universal shafts and two 
steady bearings. Gear box permits locating shafts 
for maximum efficiency in torque transmission. 
Other advantages are: 


1. Gear ratio may be any desired value. 

2. Relative directions of shaft rotation are re 
versible. 

3. Gear box may be junction for three control 
shafts in T-shape: Either for two control sta 
tions or two controlled points. 


Given: Points A and B, and lengths r; and ro, 
which may be equal or unequal. 


Construction: Draw AK and BL to clear shafts 
of obstacle. Locate midpoint O of AB and 
draw arc MN with radius AB/2 around O to 
locate Cy, and Co on BL and AK. Gear box 
center C may be on are MN anywhere between 
Cı and Co. 


wasika N 
nrerrerin ° g 
s °° Worm gear boxes perform satisfactorily worm 
, to gear or gear to worm for gear ratios of 5:1 
or higher. They may be junctions for as many 

as four universal shafts, 
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Types and Performance 


Of Brakes for A.C. Motors 


L. H. BERKLEY 
Electrical Engineer 


Characteristics of electrical methods and related mechanical parts used to 
stop or decrease the speed of a.c. motor driven machines. Advantages and dis- 
advantages of the several types of braking methods for specific require- 
ments are emphasized. Wiring circuits for operation and control are included. 


rotor motors, to decelerate or 
stop driven machines, are considerably 
different from those employed in electric 
braking arrangements for d.c. motors. 

Friction brakes of the band-type are 
used in a few applications. Many brake 
designs employ two shoes. Integrally- 
mounted multiple-disk type brakes are 
commonly used with squirrel-cage 
motors. 

Solenoid and magnet-operated brakes 
are used either in series with the motor, 
as in crane and hoist service, or shunted 
across the motor terminals as in ma- 
chine tool service. Both types, of course, 
operate when power fails. In the wiring 
arrangement for a simple shunt brake 
application, Fig. 1, an interlock in the 
main line contactor deenergizes the 
brake coil at the instant the contactor 
drops out to effect quick braking. A.c. 
and d.c. solenoids are suitable for brak- 
ing torques up to 200 lb. ft., a.c. magnets 
up to 300 lb. ft., d.c. magnets up to 
7,500 pounds feet. 

Combination magnetic clutch and 
friction brakes, which operate on d.c., 
are of the single- and multiple-disk 
types. They are built in sizes up to 320 


ETHODS for automatically brak- 
M ing a.c. squirrel-cage or wound- 


A.C. Single phase 


lb. ft. of clutch torque and 160 lb. ft. 
of braking torque. 

Electrically-operated brakes are de- 
signed for intermittent and for continu- 
ous duty. The rated time limitation is 
usually determined by the thermal ca- 
pacity of the operating mechanism. At- 
tempting to energize an intermittent 
rated brake continuously may result in 
coil burnout. This is also true for motor- 
operated brakes. 

For applications where large brakes 
are required on a.c. cranes, a d.c. brake 
in combination with a rectifier or motor- 
generator set can be used to obtain all 
the advantages inherent in a d.c. brake. 

In design calculations, braking torque 
is often assumed as equal to the full 
load motor torque. This assumption may 
result in a brake design that is either too 
large or too small for the application. 
For example, consider two 15 hp., 1,750 
r.p.m., a.c., 3-phase, induction motors, 
both identical, but driving different 
loads. Assume that one drives a small 
rolling mill which carries a large fly- 
wheel, and that the other drives a stoker 
through a high-reduction speed reducer. 

The inertia of each motor rotor is 
about 3.5 Ib. ft. Assume that the effec- 
tive inertia load on the rolling mill 


Secondary 
resistor 
bank 





Fig. 1—Solenoid for operating brake is shunted across motor terminals. 
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motor is 25 lb. ft. and that on the 
stoker motor is 2 lb. ft.’ The total in- 
ertia loads on the motor shafts are then 


Rolling mill motor — 28.5 lb. ft.? 
Stoker motor — 5.5 Ib. ft.? 


Assume further that it is desired to stop 
both motors within two seconds after 
the brake is applied. 

Knowing the inertia of a rotating load, 
speed, and stopping time desired, the 
torque necessary to stop the load is cal- 
culated from 


T = braking torque required, lb. ft. 
WR? = effective inertia load on shaft at 
which braking torque is applied, 
Ib. ft.2 
S = speed of shaft, r.p.m. 
t = stopping time desired, sec. 


_ Wi: Xx 8 
T = 308 Xt a 
For rolling mill motor 
28.5 X 1,750 
T = -08 X2 81.0 Ib. ft. 
For stoker motor 
5.5 X 1,750 _ 
T = 308352 “ 15.6 Ib. ft. 


The full load torque of both motors is 


5,252 X hp. _ 5,252 X 15 
NE AE E A 
By using a brake having a torque 
equal to the full load torque of the 
motor, the wrong brake would have been 
used in both applications. For the roll- 
ing mill motor, the brake would have 
been about 44 percent smaller than that 
which is needed, while for the stoker 
the brake would have been 190 percent 
too large. Therefore, the full load torque 
of the motor is not a criterion for brake 
selection. 

The procedure for selecting an elec- 
trically-operated brake of the proper 
torque follows: 


T = 45.0 Ib. ft. 


1. Determine speed of the shaft at 
which brake is to be applied. Where 
gears are involved, a high-speed shaft 
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General Electric Company 


Fig. 2—One type of switch used for plugging squirrel-cage motors to a stop. 


Nomenclature: 
F - forward contactor 
R - Reverse contactor 
AR - Auxiliary relay 
OL - Overload rel 
PS - Plugging switch 
RLS - Reversing limit 


Fig. 3—Wiring diagram of plugging switch in a reversing lap- 
ping machine drive. Plugging switch operates only with power on. 


will permit the use of a smaller and less 
expensive brake than will a slow-speed 
shaft. 

2. Determine effective inertia on the 
shaft at which the brake is to be ap- 
plied. This can be done by two methods: 

(a) Calculation. See “The Signifi- 
cance of WR? and How to Calculate It” 
by John W. Harper, Propuct ENGINEER- 
ING, October, 1934, pg. 379, “Three Easy 
Ways to Determine WR’,” General Elec- 
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switch 


tric Motor Fitness Manual, GED-1017, 
Pg. 20. 

(6) By running a test. See “How to 
Determine WR? by Running a Simple 
Test,” by L. H. Berkley, Propuct Enci- 
NEERING, December, 1942, pg. 704. 

3. Decide time interval in seconds in 
which the load should be stopped. An 
allowance of one-tenth of a second 
should be made to permit the magnetic 
contactor to act. 


Fig. 4—Diagram for magnetic control to provide d.c. braking. A 
transformer is sometimes substituted for the series resistor. 


4. Calculate torque required from 
Equation (1). When this is much 
greater than the full load motor torque, 
the strength of the members of the sys 
tem should be checked against the 
stresses which will be imposed. 

5. From the duty cycle of the brake, 
select the proper time rating. 

When a plugging switch in conjunc 
tion with a magnetic reversing switch is 
used to stop an a.c. motor, the voltage is 
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reversed just long enough to bring the 
motor to a dead stop. At the proper in- 
sant the reverse power is removed to 

ent the motor accelerating in the 
opposite direction. 

In the type of plugging switch shown 
in Fig. 2, a driven, permanent magnet, 
aluminum-nickel alloy rotor produces a 
rotating magnetic field which induces 
eddy currents in the walls of an alum- 
inum cup. The magnetic reaction pro- 
duced by the eddy currents turns the 
cup through a limited rotation, and the 
contacts are operated by a composition 
rod which connects the cup and the 
movable contact strip. Centering springs 
tend to keep the contacts in a normal po- 
sition. The magnetic operating force on 
the aluminum cup is dependent on the 
speed of the rotor. As the speed de- 
creases a definite point is reached where 
the spring force overcomes the magnetic 
force. This is the tripping point. Chang- 
ing the spring tension provides a simple 
means of adjusting the tripping speed 
over a definite range. A different trip- 
ping range can be obtained by changing 
the springs. 

In another switch of the governor 
type the contacts are opened and closed 
by centrifugal force, thus the contacts 
are responsive to changes in speed. The 
tripping speed is also adjustable by 
varying spring tension. 

Reduced voltage plugging through re- 
sistors or auto-transformers is em- 
ployed to a considerable extent in drives 
for machine tools. 

A typical application of a plugging 
switch, or a zero-speed switch as it is 
sometimes called, is in a reversing lap- 
ping machine drive. The wiring dia- 
gram for such a system is shown in Fig. 
3, With the motor running in the for- 


‘ward direction, the coils of the auxil- 


iary relay AR are energized and the con- 
tacts closed; the coils of the forward 
contactor F are energized, the contacts 
in the power main are closed, but the 
auxiliary interlock in the R coil circuit 
is open; the coils of the reverse con- 
tactor R are deenergized and the main 
power contacts are open, but the auxil- 
lary interlock in the F coil circuit is 
closed, the reversing limit switch RLS 
is in the forward position, and the 
plugging switch PS is in the forward 
position. 

When the stop button is pushed the 
auxiliary relay coil is deenergized and 
the contacts open; the coils of the for- 
ward contactor F are deenergized, the 
contacts in the power main open, and 
the auxiliary interlock closes; the coil 
of the reverse contactor R is energized 
through the forward contact on plug- 
ging switch PS, the main contacts close, 
and the auxiliary interlock opens. 

The motor decelerates because of re- 
verse voltage, and as tripping speed is 
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passed the plugging switch contacts fall 
back to the position normally open. The 
motor then comes to rest because of the 
reverse torque. This sequence of opera- 
tions takes place in a fraction of a sec- 
ond. By adjusting the spring tension in 
the plugging switch the motor can be 
stopped suddenly, or be made to stop 
and then drift slowly in either the for- 
ward or reverse direction. 

Note that the system shown in Fig. 3 
will also provide braking action on re- 
lease of the jog buttons provided that 
the motor has accelerated up to the 
speed at which the contacts close. If 
this speed has not been reached, the 
motor will not be plugged, but will drift 
to a stop. 

One disadvantage is that when power 
fails the plugging switch will not op- 
erate. 

Before applying a plugging switch. 
three conditions should be checked: 


1. Is the power supply adequate to 
supply the plugging current? Plugging 
current is approximately equal to start- 
ing current of the motor. 

2. Will the driven machine withstand 
the shock of the sudden braking torque 
applied by the motor? 

3. Will the motor withstand braking 
duty without breakdown or overheating? 
Determine the WR’ of the load and the 
duty cycle, including frequency of op- 
eration, starting and stopping, running 
time, rest time and load time. Check 
these data with motor manufacturer to 
determine if the motor will overheat. 

Braking of squirrel-cage motors by 
separately exciting the stator winding 
with d.c. is becoming increasingly pop- 
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Fig. 5—Characteristic curves for d.c. 
braking of squirrel cage motors, % to 
10 hp., not connected to load. 











ular, especially in machine tool and 
crane applications. The advantages of 
this system include reliability, freedom 
from maintenance, and that nothing 
need be added to the motor that in- 
creases its space requirement. A mag- 
netic controller and a d.c. power source 
are the only additional items. Dry-type 
copper-oxide rectifiers, motor generator 
sets or ignitron rectifiers can be used to 
supply the d.c. required. 

D.c. braking operates on the principle 
of Lenz’s Law, which as stated by Max- 
well is: 


“If a constant current flows in the pri- 
mary circuit A, and if, by motion of A, or 
by the secondary circuit B, a current is in- 
duced in B, the direction of this induced 
current will be such that, by its electro- 
magnetic action on A, it tends to oppose the 
relative motion of the circuits.” 

In the squirrel-cage motor, the pri- 
mary circuit is in the stator and the sec- 
ondary in the rotor. Any force opposing 
the relative motion of the two acts to 
brake the rotation of the motor. 

A schematic diagram for a conven- 
tional magnetic control designed to 
provide d.c. braking is shown in Fig. 4. 
Since the amount of d.c. required for 
effective braking would overheat the 
motor at standstill and also reduce the 
rectifier capacity, a time-delay relay TR 
is used to deenergize braking contactor 
No. 2. Contactor No. 1 is for running, 
and is energized by depressing the start 
button. When the stop button is pressed, 
contactor No. 1 is deenergized and both 
contactor No. 2 and the coil of TR are 
energized. D.c. braking is applied 
through contactor No. 2 and the copper- 
oxide rectifier. A series resistor in the 
a.c. side of the rectifier is installed to 
supply the required d.c., although it is 
sometimes desirable to substitute a 
transformer for the series resistor. After 
the motor has stopped, the time delay 
TR contacts open thus deenergizing both 
contactor No. 2 and the coil of the time 
delay. 

The control can be simplified by re- 
placing the time-delay relay with a 
mercury switch which does not break its 
circuit until several seconds after it 
has been tilted to the off position. 
Further simplification is accomplished 
by omitting the time-delay feature, so 
that the d.c. is applied only as long as 
the stop button is held depressed. 

The contact shown in dash lines 
across two of the phases in Fig. 4 acts 
to reduce the resistance of the load 
across the rectifier to 75 percent of the 
terminal to terminal resistance of the 
motor. This is sometimes desirable to 
reduce the capacity of the rectifier. 

The graphs in Fig. 5 show the re- 
sults of exhaustive tests made on 4-, 6-, 
and 8-pole motors, not loaded, in sizes 
from 4 to 10 hp. by applying various 
values of d.c. current, then noting the 
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Fig. 6—Diagram for a.c. dynamic lowering. Electrical retardation of overhauling load 
is obtained with a pulsating magnetic field in place of the usual revolving field. 


time and number of revolutions to stop. 

Several general conclusions can be 
drawn from these tests. First, the ex- 
pected performance by applying a given 
value of d.c. current can he determined 
at least within an error of 25 percent. 
Note.that the values shown on the graph 
are average values. Second, the mini- 
mum value of d.c. to obtain a reasonable 
rate of deceleration is at least as great 
as the full load current rating of the 
motor. Third, there is no practical gain 
by applying a d.c. greater than 300 per- 
cent of the motor full load rating, unless 
the motor is connected to a high inertia 


load. 


Eppy Current Brake. The eddy cur- 
rent brake and the eddy current clutch 
also operate on the principle of Lenz’s 
Law. One design of variable-speed a.c. 
motor, which was described in Propuct 
ENGINEERING, Electric Motors insert sec- 
tion, page 799, December, 1943, uses 
both an eddy current clutch and brake. 

This type of brake, while effective for 
retarding a load, does not provide a 
holding torque at standstill. If means 
must be provided for holding the load 
at rest, some type of friction brake 
should be used. The eddy current brake 
will bring a load to a complete stop, 
provided there is no tendency for the 
load to over-run because of gravity or 
some other permanent force. Below 
speeds of 50 to 60 r.p.m., the eddy cur- 
rent brake exerts comparatively low re- 
tarding torque. 


A.C. Dynamic Lowering 


For the control of overhauling loads 
in crane service, a.c. dynamic lowering 
systems are used. The schematic wiring 
diagram for such a system is shown in 
Fig. 6. To obtain the retarding effect, 
single-phase, a.c. is placed across one 
phase while another phase is shorted 
by a contactor. Such a connection pro- 
duces a pulsating magnetic field in 
place of the usual revolving field. No 
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torque is developed by the motor to 
drive the load down, the acceleration 
being created by the load itself which 
must rotate the drum, gearing and 
motor, thereby allowing a slow start. 
As the rotor is turned in this pulsating 
field, current is generated and flows 
through the rotor winding and its ex- 
ternal resistance. This simple circuit 
produces an entirely electrical retarda- 
tion of the overhauling load. Different 
retarding torques can be obtained by 
using different values of resistance in 
the rotor circuit, but controllers are 
usually supplied with only one dynamic 
braking point that is set to give optimum 
torque for the type of service intended. 

Acceleration curves of a controller 
are shown in Fig. 7. The first point is 
the dynamic braking point, used for 
slow inching of heavy overhauling loads, 
the final speed depending upon the 
load being hoisted. The second and 
third points are not dynamic braking 
points, but supply 3-phase power to 
drive the load down. The second point 
provides a low value of motor torque 
for slow inching of light loads, the 
third provides increased motor torque. 

When the system employs frequency 
relays which operate as an exact func- 
tion of the motor speed, acceleration 
point switching at definite speeds is 
possible and overspeeding of the motor 
and load is prevented. 


A. C. PLucernc. To control the lower- 
ing of overhauling loads, a.c. plugging 
of wound-rotor motors is used to a con- 
siderable extent. Such counter-torque 
systems are designed for cranes having 
a fixed load, as a magnet or a bucket 
crane, to insure an overhauling condi- 
tion in the lowering direction. 

The wiring for a.c. plugging control 
for crane motors is the same as for ordi- 
nary hoisting control, the only difference 
is that higher resistances are inserted in 
the rotor circuit. 

An analysis of the speed-torque curves 
shown in Fig. 8, for wound-rotor induc- 


tion motors, will help explain the coy. 
ter-torque method of control. The lower 
curves are used to provide counter. 
torque and are extended for the lower. 
ing direction. For example, a 10 
percent load would operate at a speed 
of 100 percent on the third counter. 
torque point and at 17 percent on the 
fourth point. If this load were started 
on either the first or second points, the 
motor would overspeed dangerously, To 
prevent this a frequency relay is em. 
ployed to operate at 115 percent syn. 
chronous motor speed, or at whatever 
speed is deemed to be safe, to cut back 
automatically to that point which will 
give a safe speed—in this design to the 
third point. 

The curves of Fig. 8 are not to he 
considered fixed as shown, for they can 
be varied by changing the secondary 
resistances. 


CAPACITOR BRAKING. Any induction 
motor will function as an induction 
generator when connected in parallel 
with apparatus which will supply the 
leading power factor required for ex- 
citation. In braking of squirrel-cage 
motors by this method, capacitors are 
usually connected permanently across 
the motor terminals so that power fac- 
tor correction is provided along with 
excitation for braking. Upon pressing 
the stop button, contactors are actuated 
which remove the power and place re- 
sistors across the motor terminals to act 
as a load. 


MEcHANICAL Loap Brakes. Mechani- 
cal load brakes of many types are used 
to control a.c. motors. Particularly. 
these brakes are applied in crane and 
hoist service to limit the speed of a 
wound-rotor motor when lowering an 
overhauling load. Load brakes are gen- 
erally of either the single-disk, double- 
disk, or multiple-disk types. 

Because of recent improvements in 
a.c. and d.c. dynamic braking and plug- 
ging control systems for crane service, 
the use of load brakes is gradually 
diminishing. . Furthermore, these sys 
tems effect a considerable saving in 
power consumption and require less 
maintenance than load brakes. 


Hyprautic Brakes. Hydraulic drives 
are used extensively on machine tools 
such as planers, shapers, and _ slotters 
to obtain a wide range of adjustable 
speeds. Braking or stopping the motion 
of the cutting tool or table is easily and 
efficiently accomplished by shutting the 
inlet and outlet valves of the hydraulic 
motor or cylinder which drives the part. 
This can be done electrically with 4 
solenoid-operated valve or manually 
with a control lever. With this type of 
braking, the a.c. driving motor coh 
tinues to rotate. 
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Electric Controller & Manufacturing Company 
Fig. 7—T ypical acceleration curves for a.c. dynamic lowering control. Broad curves show the first point dynamic lowering speeds 
with variable friction depending upon type of crane. Lower boundary of each broad curve refers ‘to roller-bearing spur-gear cranes, 
upper boundaries are for sleeve-bearing worm gear cranes. The first point is used for slow inching of heavy overhauling loads. 


Conciusion. In selecting a means of 
braking to operate on a certain machine, 
a number of factors must be considered. 
Some of these are: 
Motor Aaction Motor Action . First cost. 
Lowering Direction Hoisting direction . Maintenance 
(Counter Torque) F f š 
. Frequency of operation. 
. Stopping time permissible. 
. Shock permissible. 
. Is a positioned stop required? 
. Space required on machine and in 
control panel. 


4th point C.7. It would not be true to say that each 
method has its own particular field of 
application. In braking squirrel-cage 
motors on machine tools, for example, 


competition exists between the elec- 


2nd point CT. trically-operated friction brake, the 
plugging switch, and the d.c. dynamic 

oc braking system. Likewise, in crane and 
Bete xe hoist service, considerable debate still 
exists between the exponents of elec- 

50 trical braking systems and those of 

Lower Hoist mechanical load brakes. But in all ap- 

Percent Synchronous Speed plications the factors described must be 

considered for each particular design 


before deciding which type: of braking 
Fig. 8—Speed-torque of wound-rotor induction motors when lowering and hoisting. will be most satisfactory. 


Percent Full-Load Torque 


=—3rd point CT 
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Properties of Polyethylene 


Suggest Peacetime Applications 


Properties and characteristics that indicate the usefulness of this new- 


est thermoplastic material for special applications 


are discussed and 


several examples of products that can be fabricated from it are given. 


NOTHER of the numerous tech- 
nical developments of the war 
that will be available more gen- 

erally as peace approaches was made 
public recently with the announcement 
by E. I. du Pont de Nemours & Company 
of the production of Polythene. This is 
polyethylene thermoplastic hydrocarbon 
resin, made by the polymerization of 
ethylene, and has been unknown com- 
mercially in this country until the past 
year. 

Polythene can be molded by injection, 
compression or extrusion. It possesses 
several properties that make it unusual 
in the plastics field. In thin sections it 
may be classed as non-rigid, but it does 
not have the limp character of most non- 
rigid plastics. Thick sections, on the 
other hand, are sufficiently stiff to place 
the material in what is known as the 
rigid class. 

In the uncompounded ba. Poly- 
thene has a waxy white translucent ap- 
pearance. Thin sections are made trans- 
parent by quenching. Specific gravity 
of 0.92-0.93 is among the lowest of all 
the plastics. The outstanding proper- 
ties are light weight, low water absorp- 
tion, flexibility and toughness over a 
wide temperature range, resistance to 
penetration by moisture, chemical inert- 
ness, electrical characteristics, impact 
resistance and toughness. Polythene has 
a crystalline structure and in its ex- 
truded form can be oriented by cold- 
drawing, with a consequent notable 
increase in tensile strength. 

Injection-molded standard Izod test 
pieces withstand a 2-ft. lb. impact and 
at —113 deg. F. strips 0.075 in. thick are 
not broken by a sharp bend. Water 
absorption in the standard A.S.T.M. 
test is 0.075 percent. Transmission of 
water vapor by a sheet 0.004 in. thick is 
0.4 grams and by a sheet 0.010 in. thick 
is 0.07 grams, both per square meter 
per 24 hr. at 77 deg. F. Dielectric 
constant is 2.2-2.3 and the power factor 
is below 0.0005 at frequencies as high 
as 3,000 megacycles. 

Masses of Polythene can be readily 
machined on wood- or metal-working 
tools. Films can be joined by heat- 
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polyisobutylene or it can be com 
pounded with waxes for the preparation 
of adhesives. Such compounding is a¢ 
complished on heated mixing rolls or in 
a masticator mixer. Auxiliary ingredi. 
ents such as pigments, dyes and fillers 
also are incorporated into Polythene 
with equipment of this type. 

Most of the present uses of Polythene 
are military secrets. Possible uses in the 


sealing and masses can be welded satis- 
factorily if excessive oxidation is pre- 
vented. For patching and welding, a 
mixture of Polythene and polyisobuty- 
lene is more satisfactory than Polythene 
alone. 

Polythene can be used alone or com- 
pounded with compatible resins, waxes 
or similar materials. Thus, its rigidity 
can be reduced by incorporating it with 


Typical Properties of Polyethylene 


Specific Gravity, D17-27 
Tensile Strength, D638-42T, lb. per sq. in. 
—70 deg 


170 deg. F 
pisika. D638-42T, 77 deg. F., percent 30-500 (1) 
Modulus of Elasticity, D638-42T, 77 deg. F., lb. per sq. in 14,600 (1) 
Flexural Strength, D650-41T, 77 deg. F., lb, per sq. in 1,100 
Stiffness, D747-43T, 77 deg. F 
Impact ane Izod. D256-41T, ft. per in. of notch 

—70 deg. 


5,000 (1) 
1,700 (1) 
700 (1) 


Flow Temperature, D569-43, deg. F 

Deformation Under Load at 122 deg. F., D621—43, percent (4) 

Strain Release Temperature ARL. M-15 deg. F 

Yield Temperature, ARL. M-8, deg. F 

Heat Distortion, low load, D648-42T, deg. F 

Specific Heat, cal. per gram meter per deg. C 

Coefficient of Expansion, D696-42T, deg. F 

Thermal Conductivity, D325-31T, B.T.U. per hr. per sq. ft. per deg. F. per in. 


Dielectric Constant 

Dielectric Strength, step-by-step, volts per mil 
Volume Resistivity, ohm-em 

Power Factor, 60, 10°, 10°, cycles 


1,000 (6) 
10” (6) 


Water Absorption, D570-42, percent 


Ignites and burns slowly 


Flammability, in. per min 
No discoloration (7) 


Outdoor Exposure 
Accelerated Weathering 
Basic Color 

Resistant to 

Not resistant to 


White Seansincdill (8) 

Water, alkalis, acids and oxygenated solvents 
Chlorinated solvents, aliphatic and aromatic 
hydrocarbons at elevated temperature 


(1) Average values can vary considerably with method of specimen preparation. 
(2) Tensile tests made at speed of 1 in. per min. 

(3) Does not break at room temperature in 4 ft. lb. machine. 

(4) Tests run at 1,200 Ib. per sq. in. load. 

(5) Maximum fiber stress, 66 lb. per sq. in. 

(6) Values are for early experimental Polythene. 

(7) Tensile strength and elongation drop in absence of stabilizer. 

(8) Antioxidant which gives a light brown color is added for electrical purposes 


—.....................1...) .. ..Ñ ............................................................................................. u 
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Icecube tray, jar top, sheeting, collapsible tube, 
wire insulation, tubing, bottle stopper and injec- 
tion-molded grommets give some idea of the wide 
range of application possibilities of Polythene. 


Insulation is one of 


the chief applications of 


Polythene at present because of its outstanding 
electrical properties. These three wires illustrate 


heavy and medium 
wire and light insul 


future, however, include containers, col- 
lapsible tubes, gaskets, battery parts, 
flexible tubing, rigid piping, waterproof 
and chemical-resistant coatings, wire 
and cable insulation, adhesives, films 
and sheets. 

Suitable equipment and close control 
are necessary for the extrusion of Poly- 
thene. If it is being extruded in un- 
plasticized form around wire for in- 
sulation, slow cooling—first in hot and 
then in cold water—is required because 
of the high coefficient of expansion of 
the material. Too rapid cooling would 
harden the surface of the coating while 
the interior was still soft. The decrease 
in volume during further cooling would 
then result in the formation of voids in 
the interior. When a mixture of Poly- 
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insulation on copper 
ation on stranded wire. 


thene and polyisobutylene is similarly 
extruded there need not be such careful 
cooling because the exterior does not 
become so rigid. 

Heat shrinkage of Polythene ‘during 
compression molding is high. Thus, it 
is important to hold the molding under 
full pressure during relatively slow 
cooling to minimize the development of 
strains. Sound moldings require tem- 
peratures in the range between 248 and 
312 deg. F. Higher temperatures will 
cause adherence of the compound to the 
mold. 

Injection molding requires cylinder 
temperatures of 387-500 deg. F. and die 


temperatures usually around 140 deg. F. 
Sheeting of various thicknesses can be 
made by calendering, extrusion or 
slicing from a block attached to a bed 
plate. 

Coatings of Polythene can be applied 
from dispersions in water or organic 
solvents, or from solutions of the resin 
in a solvent, by flame spraying, the hot- 
melt technique or dipping. Such films 
should be dried above 212 deg. F. or 
fused after drying to assure a continu- 
ous and adherent coating. Adherence 
of Polythene films to metal or wood sur- 
faces is good. They are also applicable 
to fabric coatings. 
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INDUSTRY AND SOCIETIES 


NEWS + READER LETTERS » MEETINGS 


Troop Glider for Carrying 30 Men Now in Quantity Production 


First of a group of new troop-carry- 
ing gliders, this Model CG-13 is a 
larger version of Model CG-4A. It was 
designed by Waco Aircraft Company 
and both models are now in quantity 
production at the Iron Mountain plant 
of Ford Motor Company. The new glider 
has plywood wings of stressed-skin de- 
sign, externally braced. The fuselage 
is a framework of welded steel tubing 


Plastic Dip Protects 
Tube Ends and Surfaces 


Ends of tubes are sealed and sur- 
faces are protected with a plastic dip- 
ping process called Plastalloy, devel- 
oped by the industrial engineering and 
the process and materials group of the 
Vultee Field Division of Consolidated 
Vultee Aircraft Corporation. To seal 
the tubes their ends are dipped 1 in. 
in hot molten plastic. The seal with- 
stands rough handling, but is easily 
removed by lifting with a finger-nail. 
Surfaces can be similarly protected by 
dipping in the molten plastic. 
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covered with fabric. Individual folding 
chairs provide seats for 30 fully equip- 
ped soldiers in addition to the pilot and 
co-pilot. The carrying space is also 
large enough for two jeeps or one how- 
itzer and one jeep with crews and am- 
munition. The structure is stressed to 
withstand considerably higher towing 
speed than the 150 m.p.h. for Model 
CG-4A. Regular flight instruments and 


radio are included. Two landing gears 
are provided—a conventional wheel gear 
with hydraulic brakes, which can be 
dropped when desired, and a pair of 
fixed skids for use where landing area is 
limited. The glider is equipped with 
landing flaps to fecilitate take-off and 
reduce landing speed, and a special nose 
section that opens up to permit rapid 
loading and unloading. 
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Measuring Scratch Hardness and Abrasion of Paint Films 


Conducive Rubber 
Keeps "Em Shooting 


HeaTinc PADS made of conductive rub- 
ber and used on machine guns and can- 
non of United Nations aircraft increase 
eficiency by keeping the plane’s arma- 
ment at proper firing temperatures. 
These pads make possible the preheat- 
ting of gun breeches while the plane is 
grounded and maintain required oper- 
ating temperatures at high altitudes. 
The arrangement, developed by United 
States Rubber Company, also prevents 
the jamming of the guns caused by the 
increased viscosity of lubricants and the 
contracting of steel at low temperatures. 

The heating pad consists of cotton 
fabric impregnated with a special syn- 
thetic-rubber compound which acts as 
the conductor. Two ordinary bare cop- 
per wires carry the power to opposite 
sides of this fabric. The desired amount 
of heat is then generated by electrical 
resistance. The pad is covered with syn- 
thetic rubber to insulate it against out- 
side short circuit. Vulcanization of the 
pad and cover, plus a standard aircraft 
coupling, completes the unit. 

The less-than-3-0z. assembly is oper- 
ated on low voltage and produces vary- 
ing temperatures ranging from 30 to 200 

. Current is supplied by the plane’s 
generators. 


Te measure and record the 
scratch hardness and adhesion of paint 
films this instrument, called a Micro- 
knife, was developed by the Arco Com- 
pany research laboratories. A diamond- 
point cutting tool is rotated at each 
stroke to maintain constant sharpness. 
The load in grams is applied to the point 
through a lever arrangement. The load 
is carried as a dead weight across the 
surface at a constant speed and cuts re- 
peatedly in fixed position until the sub- 
surface is revealed. The load on the 
beam and the number of strokes re- 
quired to wear through the film are the 
measure of scratch hardness. Used in 
connection with a movable platform that 
can be precision-adjusted laterally by 
a screw thread and notched wheel, the 
Microknife measures adhesion. Tests 
are made by applying a standard test to 
progressively smaller cross-sections of 
paint until the stress displaces the coat- 
ing in the area being tested. By this 
means it is possible to measure the rela- 
tive adhesion of a given coating to vari- 
ous base metals and sub-coatings, as 
well as to record changes in adhesion 
caused by aging of the paint. 


Discussions and Comments From Readers 


READER CITES NEED 
FOR TECHNICAL DICTIONARY 


To the Editor: 

That splendid piece of American 
scholarship, of which we Americans 
have every reason to be proud, Web- 
sters New International Dictionary, 
Second Edition, 1935, is, as you prob- 
ably know, particularly rich in technical 
terms. But some of these terms—a few 
of those about which the writer happens 
to know a thing or two—seem to him to 
be badly defined. He has in mind at the 
moment the terms “compound screw” 
and “differential screw.” The compound 
screw is defined as: 


(A) “A body (italics mine) having on 
the same axis, as external or internal 
threads on a sleeve, two or more threads 
with differing pitch (a differential screw) 
or running in different directions (a right 
or left screw)” 


The differential screw is defined as: 


(B) “A compound screw by which a 
motion is produced equal to the differ- 
ence of the motions of the component 
screws.” 


Definition “B” is illustrated in the 
margin of the page with an excellent 
figure, the legend under which makes 
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it unmistakable that the thing dealt 
with is a 3-link mechanism of two screw 
pairs and one sliding pair. This same 
definition also says that a differential 
screw is a compound screw. But defini- 
tion “A” says that a compound screw is 
a “body” Now one body cannot consti- 
tute a machine. So that the thing defined 
by “A” cannot be the same as the thing 
defined by “B”, despite the fact that the 
two definitions are meant, apparently, 
to define the same thing. 

In short, the two definitions are ut- 
terly absurd and useless—even if they 
are in agreement with what is found in 
the literature of the subject—because 
they do not correctly define the devices 
in question. 

If further evidence were needed to 
prove that the person who made these 
definitions was not qualified for the job 
it is to be found in his use in the first 
definition of the word “pitch” instead of 
the word “lead.” When the kinematics 
of a screw pair is under consideration 
the quantity usually required is the rela- 
tive axial motion of the members of the 
screw pair; and this quantity is propor- 
tional to the lead, not to the pitch, of 
the helix. 

Correct definitions of these two terms 
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60,000-R.P.M. Motor Runs 


Grinding, polishing and routing tools 
for working metals are now operated 
by high-speed induction motors like this 
one which is supplied by power from a 
1,000-cycle generator. The rotor, which 


are, in the writer’s opinion, as follows: 


1. Differential Screw—A 3-link mechan- 
ism of two screw pairs and one sliding 
pair in which the screw pairs are both of 
the same hand. 


2. Compound Screw—A 3-link mechan- 
ism of two screw pairs and one sliding 
pair in which the screw pairs are of oppo- 
site hands. 


For the sake of the reader who may be 
unfamiliar with some of the technical 
terms in these definitions it should be 
remarked that all such terms are lucidly 
defined in the dictionary in question. 

It should perhaps be added that in a 
differential screw the amount of relative 
motion of the members of the sliding 
pair is directly proportional to the dif- 
ference of the leads of the screw pairs, 
whereas in a compound screw it is di- 
rectly proportional to the sum of the 
leads. This addendum is not, however, 
essential to the definitions. 

It is, I imagine, a matter of indiffer- 
ence to lexicographers if two definitions 
clash with each other as long as each 
definition can be justified by appeal to 
the literature of the subject; but such an 
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Machine Tools 


Westinghouse 


turns at 60,000 r.p.m., is 134 in. in di- 
ameter and 2 in. long. Centrifugal 
stresses reach 15,000 lb. per sq. in. at 
the surface. Such speeds were previously 
obtained with speed step-up pulleys. 


attitude of mind is certainly not very 
helpful to persons who go to the dic- 
tionaries in search of scientific defini- 
tions of technical terms. And yet I 
venture to predict that if you see fit to 
print these comments and the person 
who is responsible for the faulty defini- 
tions honors me with a rejoinder he will 
attempt to justify the definitions by say- 
ing that they are in agreement with the 
literature of the subject. 

The answer to that defense—and it 
might just as well be given now—is that 
there is no justification for putting non- 
sense in a dictionary even if the non- 
sense is to be found in American text- 
books. The person who makes a defini- 
tion that is to go in a dictionary is sup- 
posed to know enough about the subject 
to which the definition relates to deter- 
mine whether what he finds in the text- 
books is fit to be followed. If he doesn’t 
know that much about the subject he 
has no business acting in the capacity 
of a collaborating lexicographer. 

It would be unreasonable to expect a 
dictionary that must meet the needs of 
so many different classes of users to 


deal as adequately with technical ag with 
non-technical terms. 

What we technical men in this. coun. 
try need very badly is a comprehensive, 
scientific, technical dictionary. 

—WiuiaM H. Rasca 
Professor of Mechanism 
Virginia Polytechnic Institute 


MACHINERY FOR QUALIFYING 
SCREW THREADS DESCRIBED 


To the Editor: 

I cannot help but feel that I am 
taking advantage of a situation when 
I discuss the type of problem pre 
sented by Mr. J. W. Slocum on page 
746 of the November number of Prop. 
uct ENGINEERING because the Bake. 
well Manufacturing Company makes 
a tapping machine that does just what 
is required. However, I shall try t 
be academic. 

The problem relates to the qualify. 
ing of screw threads on or in contain. 
ers and caps thereof. Inasmuch as it 
is necessary to tighten the cap down 
to a point where there will be a def. 
nite angular relation between the cap 
and the container, it can be assumed 
that there are locating points, either 
physical or by sight, that can be used 
to locate both parts in the machine or 
fixture. 

All thread-milling machinery manu- 
facturers make machines that are av- 
tomatically controlled to start and 
stop with the threading cut at definite 
angular relations to the work-holding 
spindle. All that is necessary in the 
use of this type of machine for the 
work under discussion is to design 
and make a fixture that will fit on the 
work-holding spindle and hold the 
piece in a proper angular relation to 
the point of cutter entrance as deter 
mined by the piece drawing. If this 
type of machine is used for both the 
container and the cap there will be no 
difficulty in producing to require 
ments. Of course, in the event the 
locating marks on the pieces make it 
necessary to locate the pieces in the 
holding fixtures visually or by eye 
there will be a little time for training 
the operator to set the pieces in place 
within the determined limits. Once 
this position is established the ma 
chine does the rest and it will be only 
necessary to adjust this relationship 
on replacing the cutter with another 
one when the cutters are not made to 
coincide with each other with respect 
to the axial position of the cutting 
edges. This method is in use on all 
forms of threads that can be milled, 
i.e. thread forms having no undercuts 
and sufficient clearance on the flanks 
to make a clean job of machining. 

In the event that the size and form 
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of the thread lends itself to tapping, 
a faster method would be by the use 
of a lead screw tapping machine. In 
his case both the container and the 
cap are set up in stationary fixtures on 
the tables of the machines. These 
machines have precision-ground lead 
grews of the same pitch as that re- 
quired on the pieces to be tapped or 
threaded and which are mounted on 
the spindles. A bronze nut, or in our 
particular machine, fingers, engages 
this lead screw to advance the spindle 
into the work when the spindle re- 
volves. As there is always a definite 
distance relation between the nut, or 
fingers, and the table it can be readily 
visualized that the tap or die will con- 
tact the work at the same angular 
relation each time and that the only 
time there will be any adjustment re- 
quired is when a new tap or die is 
placed in service. Very high produc- 
tion is possible with this type of ma- 
chine and it is possible to obtain fully 
automatic operation with dial fixtures, 
hoppers and such equipment. The 
diference between the lead screw 
with the nut and that with the fingers 


is one of accuracy. The use of a ma- 
chine with a nut engaging the lead 
screw makes it necessary to replace 
the nut quite frequently in order to 
keep the fit on the lead screw at the 
point where the pieces will be tapped 
or threaded to the correct angular 
tolerance. Use of a machine made by 
Bakewell eliminates this chance for 
error in that the fingers take up any 
wear and the fit can be reconditioned 
on the machine. Machines of the lat- 
ter type are being used for thread 
qualifying on such things as rifle re- 
ceivers in a great many plants and 
the tolerance on the angular relation 
to the start of the thread is being held 
to but a few degrees. 

Fixtures for both the thread miller 
and the tapping or threading machines 
are best made with sub-bases so that 
the whole fixture can be rotated with 
the piece in position for setting up. 
We have made many of these in the 
past and I see no reason why the same 
principle cannot be applied to the 
miller. 

—F. DEXTER SANBORN, JR. 
Bakewell Manufacturing Co. 





Activities Among Technical Societies 


PERKIN MEDALLIST URGES 
SCIENTISTS TO JOIN 
ACTIVELY IN CIVIC AFFAIRS 


More active participation by men and 
organizations of science in civic affairs 
was advocated by Gaston DuBois, senior 
vice-president of Monsanto Chemical 
Company, on January 7 when he re- 
ceived the Perkin medal from the Amer- 
ican Section of the Society of Chemical 
Industry in recognition of his outstand- 
ing accomplishments in the field of 
applied chemistry. 

Establishment of a competent com- 
mittee of representatives of the scientific 
and manufacturing fields for the pur- 
pose of studying government research 
and manufacturing activities to enable 
these representatives to make construc- 
tion suggestions on policy and scope as 
well as on budgets was recommended by 
Mr. DuBois. He argued that it is useless 
and unbecoming to criticize the activi- 
ties of city, state and federal govern- 
ments unless constructive ideas and a 
sound program can be suggested, and 
maintained that in a democracy groups 
of citizens should cooperate with gov- 
emment agencies in creating a sound 
national program that would better 


serve the needs of the nation. 

“We, as chemists, should assume 
those civic responsibilities for which we 
are best suited,” Mr.. DuBois stated. 


- “We chemists should take a very defi- 


nite interest in the use and control of 
science, and this will lead to an interest 
in law and government—which does not 
mean an interest in lobbying, but active 
attention to planning for daily living.” 

One important matter to which chem- 
ists should give attention is the patent 
system, Mr. DuBois pointed out. “The 
responsibility of the chemist with re- 
spect to our patent system is greater 
today than ever before. In its broad 
aspects, our patent system has con- 
tributed much to American industry and 
worldwide technological advancements. 
I approve of the American patent sys- 
tem, but at the same time I recognize 
that it can be improved.” 


Questions about the manufacturing 
activities of the federal government 
were raised by the Perkins medallist: 
“Should our government in peacetime 
manufacture nitrates, ammonia, styrene, 
butadiene, carbide, synthetic rubber, 
phosphorous, fertilizers? Can our gov- 
ernment successfully compete with in- 
dustry? I do not know the answer.” he 
said, “but I do know that the facts 
should be obtained without prejudice or 
partisanship. Why should we (the 
chemical industry) wait for the law- 
makers to give us the answer?” 

As science becomes more and more 
important to civilization and the chemist 
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Meetings 


American Society of Tool Engineers 
—Annual meeting, Mar. 26-27, Bellevue 
Stratford Hotel, Philadelphia, Pa. 


American Society of Mechanical En- 
gineers—Spring meeting, Apr. 3-5, 
Hotel Tutwiler, Birmingham, Ala. 


National Electrical Manufacturers As- 
sociation—Spring meeting, Apr. 24-27, 
Palmer House, Chicago, II. 


American Foundrymen’s Association 
—War production congress and show, 
Apr. 25-28, Memorial Auditorium, Buf- 
falo, N. Y. 





steps out of his laboratory to engage 
in new activities related to the widening 
scope of his industry, he must accept 
the responsibility that is consistent with 
his new status, Mr. DuBois stated. 


COURSE IN HELICOPTERS 
BEING TAUGHT AT N.Y.U. 


Theory and application of the heli- 
copter is the subject of a complete 
curriculum of instruction inaugurated 
in the Daniel Guggenheim School of 
Aeronautics of the New York Uni- 
versity College of Engineering for a 
selected group of graduate students 
and a number of Army and Navy 
officers who have been detailed to take 
the course. In addition to those who 
are following this curriculum, another 
group of officers from the Army Air 
Forces Matériel Command and the 
Navy Department Bureau of Aero- 
nautics, together with engineers from 
leading aircraft manufacturing com- 
panies, are attending a special gradu- 
ate course in helicopter theory. 

Among the research problems which 
students in the course will attempt to 
solve, will be how to give the heli- 
copter greater stability and reduce 
vibration. Two fellowships in heli- 
copter design, established at N. Y. U. 
in 1939, also have been awarded. 





Do You Know That— 


TEN PERCENT of all electric energy 
generated in the United States during 
1943 passed through electronic devices. 

(12) 
A SYNTHETIC RESIN PAINT, formulated 
especially for use on exterior grades of 
plywood, gives the appearance of mono- 
lithic concrete. (13) 


THE ARMY is using more than 800 sepa- 
rate items of wood. (14) 
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New Books 


Design of Machine Members 


ALEX. VALLANCE AND V. L. DOUCHTIE. 
Second Edition, 559 pages, 514x814 in., 
red clothboard covers. Published by 
McGraw-Hill Book Co., 330 W. 42nd 
St., New York 18, N. Y. Price $4. 


Many additions and revisions to the 
text of the first edition have been made 
to bring the subject matter in agree- 
ment with recent developments in the 
processing of materials and new meth- 
ods in design procedure. Non-ferrous 
materials are treated in greater detail. 
Also, data dealing with plastics, syn- 
thetic materials and rubberssubstitutes 
are now included. The broad scope of 
subjects covered and their treatment 
makes the book an excellent text in 
machine design for either classroom 
work or home study. The authors natu- 
rally assume that users of the text will 
have had some training in kinematics, 
mechanics and factory processes. Engi- 
neering materials and all types of me- 
chanical elements are covered. Many 
examples supplement the text. 


Basic Aircraft Construction 


R. A. PETERSON AnD R. E. ERICKSON. 
204 pages, 5x73% in., brown clothboard 
covers. Published by Prentice-Hall, 
Inc., 70 Fifth Ave., New York, N. Y. 
Price $2.50. 


Planned to give the new worker in 
aircraft construction an easy-to-read ex- 
planation of methods and procedures 
used in the various operations involved 
in the manufacture of planes. After 
describing the airplane and its com- 
ponents, the authors take up methods of 
aircraft production, the aircraft blue- 
print, tools, jigs, fixtures, materials, the 
machine shop, sheet metal fabrication 
and riveting. An appendix of useful 
reference tables and a dictionary of 
common aircraft terms are included. 


Statistical Adjustment 
Of Data 


W. Epwarps Demine. 261 pages, 542 
x8 in., blue clothboard covers. Pub- 
lished by John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N. Y. Price 
$3.50. 


Practical reference and text book cov- 
ering methods for unifying different 
kinds of problems under one general 
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principle and solution, statistical proce- 
dures for curve fitting and other adjust- 
ments by least squares, and skeleton 
table forms for numerical calculations. 
The subject matter is grouped under 
five main headings, namely, simple ad- 
justments, least squares solution of 
complicated problems, conditions with- 
out parameters, conditions containing 
parameters, and exercises and notes. 
Manuscript for the book originated in 
notes kept by the author during his 
statistical practice. All of the recom- 
mended procedures have been tested in 
use, many of them in mass production. 


Intermediate 
Differential Equations 


EarL D. RAINVILLE. 213 pages, 5x814 
in., gray clothboard covers. Published 
by John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. Price $2.75. 


This book is intended to bridge the 
gap between elementary courses and 
really advanced courses in differential 
equations, and to furnish solutions for 
specific differential equations, in par- 
ticular for linear equations in the neigh- 
borhood of regular singular points. It 
is also an introduction to several topics 
of importance in the classical theory. 
Adaptable for self-study by those who 
have studied formal calculus and who 
find use for more than elementary dif- 
ferential equations in their work or who 
feel the desire to venture beyond their 
collegiate training. The text is a thor- 
ough introduction to Riccati equations, 
the hypergeometric equation, equations 
of the Fuchsian type, confluence of 
singularities and Whittaker’s confluent 
hypergeometric equation. 


Practical Perspective Drawing 


Puiip J. Lawson. 215 pages, 6x9 in., 
brown clothboard covers. Published by 
McGraw-Hill Book Co., 330 W. 42nd St., 
New York 18, N. Y. Price $2.75. 


In addition to serving as a text for 
teaching perspective drawing this book 
is intended to be a reference for the 
practitioner. The method followed is the 
presentation of fundamental principles 
with only a few specific examples to 
illustrate the fundamentals. Not only 
does the author present solutions to 
problems step-by-step, but he has in- 
cluded material that has been neglected 
in previous books on the subject, or scat- 
tered among several. Chapter headings 
include basic principles; the cube; 
measurement; the circle, ellipse and 
other two-dimensional curves; three- 
dimensional curves; compound forms; 
plastic and soft forms; perspective com- 
position and figures in perspective; 


labor-saving devices; one-point and 
three-point perspective; common errors; 
working from blueprints and other me. 
chanical drawings; and practical sug. 
gestions. 


Tables of Functions 
With Formulae and Curves 


Fritz JAHNKE and EucENE Emoe, 379 
pages, 6x9 in., gray clothboard covers, 
Published by Dover Publications, 3] f, 
27th St. New York 16, N. Y. Price $3.50, 


Enlarged English text of “Tables of 
Functions,” published under authority 
of the U. S. Alien Property Custodian, 
This new edition contains all the mate. 
rial contained in the 1938 edition, plus 
a 76-page section on Tables of Elemen. 
tary Functions. The volume, as described 
in its title, contains numerous tables, 
formulas, charts and curves that evalu. 
ate advanced and elementary mathema. 
tical functions that are used by those 
whose work or study involves advanced 
mathematics, physics and engineering. 
Earlier editions of the book are now ae. 
cepted as valuable reference works by 
many who are engaged in making sci. 
entific computations. 


The Chemical Front 


WILLIAM Haynes. 284 pages, 55gx 
81, in., red clothboard covers. Published 
by Alfred A. Knopf, Inc., 501 Madison 
Ave., New York, N. Y. Price $3. 


Although this book is limited strictly 
to accomplishments of chemistry and 
chemical engineering in overcoming 
shortages and breaking bottlenecks 
caused by war demands, there is much 
in it of interest to engineers in general. 
Many of the chapters contain much 
background information on materials, 
such as plastics and magnesium, that are 
of direct concern to designers. In addi- 
tion to being well-written, in popular 
style, the book presents an impressive 
record of how American ingenuity and 
resourcefulness can surmount tremend- 
ous difficulties when the need arises. 


Materials Handbook 


Grorce S. Brapy. 765 pages, 51x84 
in., maroon clothboard covers. Published 
by McGraw-Hill Book Co., 330 W. 42nd 
St., New York 18, N. Y. Price $5. 


Representing more than 20 years of 
work in accumulating information o 
materials, this is the fifth edition of this 
handbook. As in previous editions the 
material is arranged alphabetically and 
the information is only general in 
ture. It is intended as a guide for de 
signers and purchasing agents to aid 
in the selection of materials. 
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How to dispose of government surpluses when the 
„a ends need not be an insuperable problem — if we 
Wwe it promptly and intelligently. But if we do not, 
acetime markets may be disrupted, government funds 
ated, production discouraged, and reconversion of the 
hole economy to peace seriously hampered. 

What we need most in order to attack the problem 
estimates of how much surplus there will be, in what 
ypes of goods, and where. 

At the war’s end, government inventory of war goods 
is likely to total around 60 billion dollars. Most of this 
will consist of aircraft, ships, and other ordnance. Only 
some 15 billion dollars or less will be in food, clothing, 
trucks, tools, chemicals, medical supplies, transportation, 
engineering and communication equipment, and other 
goods for which there is a civilian market. 

In addition, war contractors will have about 10 billion 
dollars of inventories, the bulk in specialized raw mate- 
rials, goods in process, and finished products. Only about 
one-fifth of the total, or some 2 billion dollars, will be 
marketable or usable for civilian purposes. While the 
government takes over the usable inventory, the ex- 
wa-contractors will have to build up their stocks for 
peacetime production, so that on balance, they will 
not be disposing of usable inventories in large volume. 

Not even all of the usable war-end inventory will be 
“surplus” for sale to civilians in competition with new 
production. Some of it will be needed by the sizable 
peacetime Army and Navy we are likely to maintain, 
and such additional items as can be stored without seri- 
ous deterioration or obsolescence will be held against 
possible future war emergencies. Some of it will be 
disposed of abroad. And up to half of it will be abroad 
and may be sold there or used for relief. 

After allowing for these factors, the war supplies to 
be disposed of in our own markets probably will be less 
than 10 billion dollars (cost basis). While the total 
is not overwhelming —the equivalent of two months’ 
retail sales—in certain lines the surplus will be several 
years’, instead of a few months’, normal supply. In 
particular, the volume of scrap metals available from 
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otherwise unusable munitions will present a problem. 

A great deal can be done now to reduce the size of 
the postwar surpluses by achieving a better balance be- 
tween military needs and supplies and avoiding exces- 
sive inventories of particular raw materials or finished 
goods. This work needs to be pressed, not only to sim- 
plify our transition to peace but also to prevent wasting 
productive energies during the war. Furthermore, when 
the war ends on one front, inventories of war materiel 
should be worked down to the reduced scale of remain- 
ing military activity. 

We cannot develop programs of action until we know 
approximately how much of each type of item is to be 
sold, and where and when it will be available. Wide 
margins of error are inevitable as long as large-scale pro- 
curement and large-scale consumption are still taking 
place; yet such information is essential and must be de- 
veloped. Indeed, improved inventory records and esti- 
mates are badly needed for the conduct of the war as 
well as for managing the surpluses after hostilities cease. 

In decisions on the disposal of war-goods inventories, 
the public interest must be the prime consideration. 
Proposals that none of these goods should be sold do- 
mestically because of competition with new production 
obviously are untenable. Everything that is not needed 
by the Armed Services or for other special purposes 
should be disposed of ultimately. The real problem is 
not whether surpluses should be sold, but rather to 
whom, at what price, and at what time the sale should 
be effected. 

In the distribution of such large quantities of goods, 
we believe that established trade channels should be 
used wherever possible. Otherwise, we shall witness wide- 
spread speculation in war goods and the mushroom 
growth of inefficient and disruptive fly-by-night distrib- 
utors. This will benefit only a few speculators and will 
discourage legitimate producers and distributors from 
making their normal commitments. 

All war contractors should have the privilege of re- 
taining those inventories for which they are willing to 
pay actual cost or a fair price negotiated with the gov- 


ernment procurement agency. The balance of the in- 
ventories in the hands of war producers should be 
assembled by the government and sold in an organized 
manner. It is of great importance that the plants be 
cleared of these inventories at once so that the process 
of conversion to peacetime operation can proceed with- 
out further delay. To accomplish this, preparations must 
be made before the end of the war for speedy deter- 
mination of the inventories to be moved and for a huge 
volume of storage space to accommodate them. 

The price which can be realized and the timing of 
sale are closely related. Certainly the best prices will 
not be secured if the government attempts to dispose of 
large supplies of material and products suddenly without 
regard to market conditions. Most businessmen rightly 
favor an early transfer of surplus inventories from gov- 
ernment to private ownership. But, they also realize 
that if all the surpluses are dumped indiscriminately as 
they become available, many markets will be badly de- 
pressed, and the resulting low prices will bring lower 
production. If this depression effect becomes general, 
as it easily can, it will be costly to the nation in terms 
of jobs, income, and goods. 

In industries in which production is inadequate to 
meet postwar demands, an immediate sale of. govern- 
ment inventories can prevent inflated prices and preserve 
balanced market conditions. In cases in which the sur- 
pluses are large in relation to annual production, the 
disposition can be scheduled over a period of years. 
Generally, however, it will be best to clear the surpluses 
as quickly as orderly sale can be accomplished rather 
than to leave them as a continuing threat overhanging 
the market. Most industries can, and should, take the 
disposal process in their stride without special dispensa- 
tions from the government. In this connection, it should 
be noted that the tax provisions for carry-back of losses 
and excess profit credits after the war greatly increase 
the possibilities for speedy disposal of surpluses without 
serious injury to producers. 

There will be some industries, however, in which the 
postwar surplus is so large that it would practically 
saturate the market for years to come. The problem of 
these industries is further complicated by their wartime 
expansion of capacity many fold in excess of peacetime 
requirements. These lines of production are, moreover, 
crucial for our national defense. Aircraft and shipbuild- 


ing are cases in point. Each of these situations calls fy, 
careful study and discussion by all concerned to devig. 
means to keep alive the necessary production organiz. 


tions, the research effort, and the spirit of enterpris 


Insofar as possible, the individual manufacturers shoul 
work out their own salvation in the conversion to peace 
time markets. They can do this by taking on new ling 
by increasing their production efficiency, and by & 
veloping technical improvements which make the 
isting inventories obsolete. But they still will need some 
kind of government protection or assistance while the 
huge surpluses are being worked off. It is most jn. 
portant, however, that such protection or subsidy be 
limited to a period of three to five years. It must no 
become permanent unless it is really essential for ow 
national security. 

The disposal of surplus inventories is part of th 
whole process of demobilization of the war effort ani 
conversion to peace. If this process is to be accomplished 
with minimum dislocation and injury to our economy, 
it will have to be directed by a central agency which 
has developed adequate information service and is in 
position to coordinate the policies of the Armed Ser: 
ices and the other interested executive branches of th 
government. This agency should draw freely on th 
knowledge of businessmen in the specialized problem 
of marketing surpluses in each industry. It should for 
mulate definite programs of inventory disposal for al 
industries in which the problem is acute; and it should 
make these programs public as soon as possible, so thet 
business can plan for the future with confidence. In larg 
measure, the success with which we make the economit 
transition to peace will depend on the quality of gor 
ernment administration in the process of industrial de 
mobilization. We shall need better organization for the 
transition to peace than we had in mobilization for wa 
if we are to avoid needless unemployment, loss of pit 
duction, and frustration of business enterprise. 


President, McGraw-Hill Publishing Company, In 





NEW MATERIALS AND PARTS 


Selector Valve 


For control of air or fluid in actuating 
mechanisms a line of hydraulic selector 
yalves is made to A.N. specifications. 
Wear is kept at a minimum by having 
the cam and poppets the only moving 

rts. The hydraulic valves are de- 
signed to take fluid flow of 3 gal. or 
more with pressure from 150 to 5,000 


lb. per sq.in. They are hermetically 
sealed to prevent leaks and the valve 
ports are adaptable to any size tube 
fitting. Mounting holes are provided 
for quick installation. The air valves 
have the same design features as the 
hydraulic valves with the exception that 
the poppets are made of synthetic mate- 
rial. This makes possible the sealing 
of pressures as low as 5 lb. per sq.in. 
The instrument board handle operates 
at 6 in. lb. at operating pressures of 
1500 lb. per sq.in. The handle rotates 
about the escutcheon plate on the in- 
strument board from neutral to right 
or left at 45-deg. angle. Both two-way 
and four-way valves are available. In- 
terstate Aircraft & Engineering Corp., 
3443 Wilshire Blvd., Los Angeles, Calif. 


Motor Control 


; Designed for synchronous and induc- 
tion motors, the Hi-Fuse control com- 
bines dependable starting service with 
short-circuit protection through the use 
of split-cycle-operating, high-interrupt- 
mg capacity power fuses. Because of 


the split-cycle speed with which the 
fuses clear fault current and the action 
of the fuse to limit current, the motor 
switch, while strong enough to with- 
stand the momentary fault current, does 
not have to be of the high-interrupting 
capacity type. The fuses also serve as 
power disconnects. For synchronous 
motors, the control has an accurate po- 
larized relay which gives smoothness 
and maximum power in synchronizing 
the motor. Hi-Fuse controls can be fur- 
nished in live-front or dead-front, as 
well as the metal-enclosed type. Elec- 
tric Machinery Mfg. Co., Minneapolis 
13, Minn. 


Rotary Limit Switch 


Twelve individual contact drums, each 
adjustable by small increments, are pro- 
vided in a 12-circuit, direct-connected, 
rotary-type limit switch. This can be 
used as either a continuously rotating or 
a reversing switch and can be operated 
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in any position. Features are accessible 
terminals; silver-to-silver wiping and 
self-cleaning, double-break contacts; 
and needle bearing shaft suspension. 
Contacts are rated for 125-volt a.c. ap- 
plication. Philadelphia Gear Works, 
Erie Ave. and G St., Philadelphia, Pa. 


Lateral Extensometer 


Unit change of thickness of a test 
specimen under an applied force can 
be measured with a lateral extensome- 
ter. Essential parts of the instrument 
are two Solakian-type dial strain indica- 
tors, supporting framework providing 
several universal motions and suitable 
illuminating sources. Sensitivity of a 
fraction of a millionth of an inch in the 
strain indicators is accomplished by 
attaching a small mirror on the spindle 
of the pointer and perpendicular to the 


plane of the dial plate. A narrow beam 
of light is reflected from this mirror 
and changes in the angular motion of 
the beam are used to measure changes 
of thickness of the material under test. 
The two indicators have their respective 
points in contact against the surfaces of 
the specimen and in alignment with the 
points tested so that their combined 
readings give the total change of thick- 
ness of the material at that point. Three 
main carriages are provided in the 
framework. The upper system carriages 
supports a dial indicator on each car- 
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riage and provides motion perpendicu- 
lar to the plane of the specimen. The 
middle carriage supports the upper car- 
riages and provides motion parallel to 
the plane of the specimen. This car- 
riage also rotates through 45 deg. on 
either side of a vertical axis. The lower 
carriage supports the other two car- 
riages and provides vertical motion. 
The motion in all three directions can 
be read to 0.001 in. of motion per divi- 
sion of the graduated disk. This ar- 
rangement enables the instrument to 
measure change of thickness of the 
specimen at points located along verti- 
cal, horizontal or inclined planes. Two 
spotlight projection lamp houses, each 
with a crosshair, are used to register the 
angular rotation of the mirrors. Each 
lamp house has an adjustable lens to 
focus the image of the crosshairs on a 
distant screen. The combined values of 
the arc traversed by the two crosshairs 
is a measure of the total change .of 
thickness of the specimen at the point 
considered for the given applied load. 
Photoelastic Co., 55 W. 42nd St., New 
York, N. Y. 


Spring-Lock Fastener 


Light weight and rugged construction 
feature a spring-lock fastening device 
that has been found suitable for holding 
the engine cowlings of high-speed war 
planes. The manufacturer calls atten- 
tion to post-war commercial applications 


of the device, including access plates 
on farm machinery, panels on motor 
trucks and buses, home-heating units 
and radio equipment. Elastic Stop Nut 
Corp. of America, Union, N. J. 


Synthetic Dielectric Material 


Especially suitable in most radio-fre- 
quency-blocking and bypass fixed ca- 
pacitors used in communications and 
other electronic equipment, Lectrofilm, 
a synthetic dielectric material, has a 
greater combination of desirable proper- 
ties than was previously available in any 
one dielectric material. It is available 
in both rolls and sheets and can be used 
in present capacitor production lines 
with little change in equipment or 
method of manufacture. In addition, 
Lectrofilm’s strength and flexibility 
make it well-suited to automatic meth- 
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ods of manufacture. It requires little 
grading or sorting before being placed 
into a capacitor production line. Gen- 
eral Electric Co., Scheneétady, N. Y. 


Signaling Timer 


Both visual and audible signals are 
provided in the Series S timer. In op- 
eration the pointer on the timer is 
manually set at the required interval 
shown on the dial. A circuit that oper- 
ates a pilot light indicating that the 
time interval has started is closed 
when the pointer is set. The pointer 
moves counter clockwise toward 0 
and at any second during the interval 
the exact time elapsed is shown on tle 
dial. When the interval is completed 
an audible alarm sounds and the pilot 
light goes out. The buzzer continues 
to sound until the toggle switch on the 
timer is snapped off or the timing 
interval is again started “by moving 
the pointer knob to the required indi- 
cation. A socket on the side of the 
timer case provides for connection of 
additional lights or alarms. An ad- 
justable backstop allows rapid reset- 


ting of the pointer. The timer is in- 
closed in a black metal case that can 
be attached to a wall, panel or stand- 
ard switchbox. The size is 5x5x31⁄, in. 
Operation is on 115 or 230 volts; 25. 
50 or 60 cycles; 1,000 watts. The 
motor is of the slow-speed, self-start- 
ing synchronous type. Pure silver con- 
tacts are used. Models are available 
with dial calibrations from 1 sec. to 
5 min. and with maximum intervals 


ranging from i min. to 3 hr. Indus. 
trial Timer Corp., 117 Edison Place, 
Newark, N. J. 


Vibration-Resistant Nut 


Inherent elasticity of the steel in the 
wall of a nut is utilized to provide grip 
ping action on the threads of a bolt ip 
a new stop nut. The gripping action js 
obtained by compressing the top of the 
nut against a taper-threaded, hardened 
steel] mandrel. This makes the threaded 
section of the nut elliptical at the top 
and leaves the bottom round. When the 
nut is applied it can be screwed op 
about half way by hand, but from there 
on a wrench must be used. The nuts are 
similar in appearance to common nuts 
and have tolerances as prescribed for 
Class 3 ft. The gripping action keeps the 
nut from loosening under vibration, re. 
gardless of whether or not it bears on 


the work. No washers or other parts are 
needed. The nut can be used for re 
peated applications without substanti- 
ally reducing the effectiveness of the 
gripping action or damaging the threads. 
The nuts are available at the present 
time in both U. S. standard and S.A.E. 
thread from 14- to 14-in. bolt size in 
mild steel, alloy steel, brass and plated 
finishes. For manufacturers of war 
equipment, approvals from the various 
armed services are available. Stover 
Lock Nut & Machinery Corp., Bushkill 
Drive, Easton, Pa. 


D.C. Timing Motor 


Almost any speed from one revolu- 
tion in ten days to 1,800 r.p.m. can be 
obtained in a line of d.c. timing motors. 
A seven-coil rotor with seven segments 
in the commutator is used. The com 
mutator is 4 in. in diameter. The mo- 
tor field censists of an Alnico ring sup- 
ported on the motor bearing assembly 
inside the rotor. A cylindrical air gap 
is formed by means of a steel retum 
path on the inside of the motor, which 
also acts as the motor housing. The 
rotor consists of an aluminum cup sup 
porting the winding and extending into 
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the cylindrical air gap so that eddy 
currents are developed in the flange of 
the cup.. This provides electric loading 
of the motor which results in uniform 
torque and speed characteristics without 
mechanical braking. Four models are 
available—Series 9100 is 2x 2x 1% in., 
and is rated at 1,800 r.p.m.; Series 9200 
is 2% x 2% x 1% in., and has a speed 
range from 720 r.p.m. to 1 revolution 
in 20 min.; Series 9300 is 21⁄ x 21% x 
li in., and has a speed range from 1 
revolution in 20 min. to 1 revolution in 
ten days; Series 9400 is 314 x 344 x 1H 
in, and has a speed range from 16 
rpm. to l revolution in two days, 
Weight of the Series 9200 motor is 6 
% Torque is 5 in. oz. at 1 r.p.m. 
Operating voltages run from 6 to 30. 
Haydon Mfg. Co., Forestville, Conn. 







































































Twin Pumping Unit 


Double capacity to take care of tem- 
porary peak requirements or the han- 
dling of two different liquids without 
contaminating each other is possible 
with a twin pumping unit that has two 
pumps, each rated at 90 gal. per min. 
capacity for pressures up to 100 lb. per 
sq.in., mounted on a cast iron base. À 
single 1,800-r.p.m. motor drives both 
pumps through reduction gearing. Op- 
eration of the pumps is controlled by 
twin clutches. Either single or dyal 
operation is provided. The pumps;oper- 



























































-PRopucTr ENGINEERING — Mancs, .1944 


ate on the bucket-design principle and 
are furnished in three constructions— 
unlined; removable liners for handling 
corrosive or abrasive liquids; or steam- 
jacketed heads for highly viscous liq- 
uids or materials that are solid at room 
temperatures. Blackmer Pump Co., 


Grand Rapids, Mich. 


Modified Alkyd Resin 


Suitable for use in both interior and 
exterior pigmented enamels of the air- 
drying type, Duraplex D-64 is a linseed- 
oil modified alkyd resin that conforms 
to the requirements of U. S. Maritime 
Specification 52-MC-21. In terms of 
solids content the resin contains approx- 
imately 65 percent linseed oil and 25 
percent phthalic anhydride. It is in- 
tended for use in U. S. Maritime Specifi- 
cations 52-MC-23 red lead primer and 
52-MC-29 zinc chromate primer. Resin- 
ous Products & Chemicals Co., Wash- 
ington Square, Philadelphia 5, Pa. 


Motor Generator Set 


Welding power for 15 to 30 men work- 
ing at the same time is provided by a 
motor generator set. The motor is a 160- 
hp., 440-volt, 60-cycle, three-phase, 
1,160-r.p.m., squirrel-cage induction unit 
with drip-proof construction. It drives a 
70-volt, 1,500-amp., flat compounded 
d.c. generator. Both are rated for one 












hour a 50-deg. temperature rise. The 
machines are capable of being operated 
in parallel] when large quantities of 
power are needed. Century Electric Co., 
St. Louis 3, Mo. 


W hiteprint Developer 


Two production speeds, 4 and 8 ft. 
per min., are provided on the Model 700 
whiteprint developer for reproducing 
engineering drawings and tracings. This 
unit is a table model for dry developing 
and can be used in conjunction with any 
blueprinting or direct-process printing 
machine using dry direct-process paper. 
It has lightweight welded steel con- 
struction and features two forward 
speeds and reverse. Two sizes are avail- 
able, 42 and 54 in. C. F. Pease Co., 
2601 W. Irving Park Rd., Chicago, Ill. 


Cylindrical Plug Gage 


Holes which must be held to close 
tolerances and work which must be 
checked on machines can be gaged with 
the piloted cylindrical plug gage. De- 
sign of this gage speeds its entry into 
holes which are as little as 0.0001 in. 
over plug size because the pilot aligns 
the gage with the axis of the hole. The 
gage is made in two types, one for check- 
ing open bores and the other for blind 
holes. Vard Inc., 2961 E. Colorado Blvd., 
Pasadena 8, Calif. 





A.C. Resistance Bridge 


Measurements from 0.0001 ohms to 1 
megohm are made with the Type G-710 
Microhmmeter. This is basically an 
a.c. bridge which has exceptional sensi- 
tivity and large output. Readings are 
taken from a decade and a meter is used 
as a null indicator. A few tenths of a 
milliwatt will operate the instrument. 
The measuring voltage is 60 cycles, a.c. 
Pure resistances can be read directly as 
ohms. Impedances are measured by 
comparison, changes as low as 0.01 per- 
cent being indicated. The low current 
at the terminals makes possible the 
measurement of contact resistance with- 
out changing the conditions of contact 
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by heating or welding. and no current 
terminals are required. High current 
effects can be studied by applying up to 
5 amp. in with the resistance 
under test. Delicate low resistance can 
be measured without heating. Conduc- 
tivity of solutions is measured to 2 per- 
cent accuracy, changes of 0.01 percent 
of total resistance being read without 
the effect of polarization. Any d.c. pres- 
ent as resulting from dissimilar metals 
will not affect the readings. Ranges 
available are 0 to 1.111 ohms in steps 
of 0.0001 ohms; 0.01 to 111.1 ohms in 
steps of 0.01 ohms; 1.0 to 11,110.0 ohms 
in steps of 1.0 ohms; and 100 to 1,111,- 
000 ohms in steps of 100 ohms. Special 
instruments with a single range from 0 
to 0.001 ohms in steps of 0.000001 ohms 
can be supplied on special order. Sen- 
sitivity is variable from zero to one part 
in 10,000. Accuracy is 2 percent on an 
ohm range of 0 to 1.111 and 0.5 percent 
on a range of 1 to 1,111,000 ohms. Bet- 
ter tolerances can be made to order. A 
10 percent change in line voltage pro- 
duces an 0.0l-percent change in read. 
ings. Size is 1844x8%x6 in., and 
weight is 25 lb. Tech Laboratories, 7 
Lincoln St., Jersey City 7, N. J. 


series 


Thermostat 


For air, liquid and hot-flame applica- 
tion a calibrated thermostat is offered 
in two ranges, one from —100 to 100 
deg. F. and the other from 50 to 600 
deg. F. The thermal assembly, includ- 
ing the bulb, capillary connecting tube 
and bellows, is filled with liquid and has 
a uniform expansion 
change in temperature. 


per degree of 

This permits 
the use of a micrometer adjustment and 
gives a wide range calibration. The 
thermostat controls within a total dif- 
ferential of 1 deg. F. in mechanical con- 


vection-type ovens and sub-zero cabinets 
and 0.2 deg. F. in liquid baths. The 
adjustment is calibrated for both Fah- 
renheit and Centigrade readings and is 
accurate to 2 percent. Ambient drift is 
less than 0.2 deg. in 5 deg. F. of am- 
bient change. It is made in three models 
for oven control, liquid-temperature 
control and as an indicating controller 
for ranges. United Electric Controls 
Co., 69-71 A St., Boston, Mass. 


Magnetic Voltage Selector 


Embodying automatic main magnet 
contacts, a voltage selector can be used 
where applications of current similar to 
those used in electroplating are re- 
quired. Automatic main switch contacts 
are provided for nine positions for trans- 
ferring in 249-volt intervals from 2 to 


40 volts. Arcing is eliminated by having 
the main contact open before the sec- 
ondary contact opens, and having the 
main contact close before the secondary 
contact closes. Zenith Electric Co., 152 
W. Walton St.. Chicago 10, Il. 


Photographic Printer 


Designed to take advantage of the 
time-saving features inherent in semi- 
photographic reproduction processes, 
the Model 55-C continuous photographic 
printer reproduces anything that has 
heen typed. printed, photographed or 
drawn. The 42-in. unit requires a floor 
space of 40x62 in. It may be used 
either inside or outside of the darkroom 
and handles either rolled stock or cut 
sheets. Two fluorescent lamps, one 
white and one amber, allow a produc- 
tion speed up to 18 ft. per min. Control 
of exposure is obtained by a shutter 
arrangement which varies the exposure 


space from 0 to 14 in. The speed of 
both the machine and the shutter are 
individually controlled. A 9-in. Pyrex 
cylinder revolving contact with 22 indi. 
vidual 2-in. bands prevents slippage. 
Travel of prints through the machine 
can be reversed instantly by means of 
a pedal. The machine is mounted on 
casters for moving and has a two-tone 
green crinkle finish. Electrical require- 
ments are 4 amp., operating at 110 volts, 
The machine is wired for 100 volts, ac, 
60 cycles or 220 volts, d.c. Charles 
Brunning Co., 102 Reade St., New York, 
N. Y. 


Insulating Grommets 


Developed especially for use in re 
dio, motor and electronic applications, 
a line of insulating grommets is made 
of 100 percent phenolic-plastc mater 
ial. Four standard sizes are available. 
Holes are concentric, with all cor 
ners chamfered. Threads are clean 
and lubricated. All parts are matte 
finished. Creative Plastics Corp., 970 
Kent Ave., Brooklyn 5, N. Y. 


Aircraft Ignition Cable 


For use in high-tension ignition sy* 
tems of aircraft an ignition cable is 
offered that has been tested in accort 
ance with Army Air Force specifice 
tions. The Neoprene sheath-type cable 
has high heat, moisture and oil resist 
ance and will withstand the effects o 
electrical discharge at low atmospheric 
pressure. The conductor of this cable 
consists of Monel wire twisted together 
and covered with an insulation of low- 
capacitance rubber compound rei 


` 
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forced by a braid of glass yarn for 
added tensile strength and ruggedness. 
The outer Neoprene sheath is marked 
in conformance with AAF specifica- 
tions. An over-all thin coating of trans- 

t wax aids in handling installation. 
Wire Cable Div., Appliance and Mer- 
chandise Dept., General Electric Co., 
Bridgeport, Conn. 









Instrument Window Cement 





Glass windows in instrument housings 
can be sealed in place with a synthetic 
cement that seals the glass to the plastic 
instrument case. A machine automati- 
cally applies a narrow band of the 
cement and the glass is pressed into 
place. The cement sets quickly in a 
low-temperature oven. Westinghouse 


Electric & Mfg. Co., East Pittsburgh, 
Pa, 

















withstand any internal pressure. Ad- 
justment is provided to permit measure- 
ment of the flow rates of liquids of dif- 
ferent specific gravity. Provision is 
made for fittings at the top and the bot- 
tom which, together with a bracket that 
is cast as a unit with the center struc- 
ture, facilitates installation. The unit 
illustrated has a capacity of 60 gal. per 
min. and is 378 x 13t8 in. in size. Hy- 
draulic Machinery, Inc., 12825 Ford 
Road, Dearborn, Mich. 























Blower Unit 


Included in a blower unit for. opera- 
tion on 115-volt, 400-cycle current is the 
No. 2 L-R blower and the Model J31A 
motor. This motor is a 1/100-hp., single- 
phase capacitor unit. Measurements are 
4% in. over-all length, 334 in. over-all 

















































blower diameter, and 118 in. over-all 
motor diameter. Weight is 194% oz. Op- 
erating at 7,200 r.p.m., the blower cir- 
culates 22 cu.ft. per min. continuously. 
The motor is designed for use in am- 
bient temperatures up to 80 deg. C. 
Eastern Air Devices, Inc., 585 Dean St., 
Brooklyn 17, N. Y. 


Fluid Flow Gage 


Actuation of the indicating dial used 


to measure the flow of fluids is done 
with the kinetic energy of the fluid 
flowing through a Flogage. The mech- 
anism of this instrument consists of an 
indicating dial constructed as an im- 
peller, the rotary movement of which is 
resisted by a precision torsion bar. 
Changes in viscosity, fluid temperature 
or fluid pressure do not affect the gage, 
which is accurate to within a fraction 
of 1 percent and can be constructed to 
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Polyvinyl Resins 


Geon is the name chosen for a group 
of recently announced polyvinyl resins 
because the basic raw materials are of 
mineral origin. Two of the resins, Geon 
202 and Geon 203, are new vinyl chlo- 
ride: vinylidene chloride copolymers. 
These compounds have good solubility 
and thermoplasticity with high stability, 
chemical resistance, and wide tempera- 
ture range. Their resistance to hy- 
drolysis by boiling water or hot alkali is 
outstanding, as is their stability to light 
and heat. When compounded with other 
materials the Geon resin can be proc- 
essed by injection and compression 
molding, extrusion, calendering, solu- 
tion coating and film casting. Composi- 
tions vary from rigid to a very soft 


jelly. B. F. Goodrich Co., Akron, Ohio. 


Temperature Test Cabinet 


Control of temperature to + 1 deg. F. 
is possible with a dual temperature test 
cabinet. This unit reduces temperatures 
in a 90-deg. F. room from 180 deg. F., to 
—70 deg. F. in 6 hr. Likewise, it heats 
from —70 deg. F. to 180 deg. F. in 1 hr. 
Any desired temperature between these 
extremes can be held by adjusting the 













control dial. Duct doors are controlled 
by a solenoid and positive air circulation 


is provided. Revco Inc., Deerfield, Mich. 


Fuse Clamps 


Designed on the “high-pressure line 
contact” principle, pressure-tight fuse 
clamps, known as Fuze Talons, are now 
provided in Type A and Type C 
switches. Fuse seats are press-formed 










of pure copper and grid clamps are 
press-formed of heavy-gage plated steel. 
This holds the fuses tight, maintains a 
constant pressure, provides a positive 
electrical contact between fuse and fuse 
seats and lowers operating temperature. 
Wadsworth Electric Mfg. Co., Coving- 
ton, Ky. 


Gage Lubrication 


Wear on precision gages that affects 
their accuracy is said to be reduced 
considerably with Micronil, a liquid 
that lubricates in the surface rather 
than on it. Freezing of gages used in 
measuring tolerances of millionths of 
an inch is thus said to be reduced 
greatly. The liquid can be used for 
treating precision dies and punches, 
and for tapping and lapping opera- 
tions. It is applicable to all metals, 
including chrome-plated and carboloy 
surfaces. Protective Coatings, Inc., 


Box 56-A3, Strathmoor Station, De- 
troit 27, Mich. 
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Manufacturers’ Publications 


Drive—Dept. 135, American Pulley Co., 
4200 Wissahickon Ave., Philadelphia, 
Pa. Handbook, 72 pages. Tables, text 
and illustrations give complete informa- 
tion on selection, specification, applica- 
tion and installation of V-belt and flat- 
belt drives. 


Bearings—Ady. Dept., New Departure 
Division, General Motors Corp., Bris- 
tol, Conn. Booklet R, 24 pages. Con- 
tains numerically arranged lists of ten 
competitive makes of ball bearings and 
corresponding New Departure numbers, 
New Departure bearing tolerances ac- 
cording to various ABEC specifications, 
meanings of prefixes and suffixes used 
with each make of bearing, comparative 
bearing type and series numbering sys- 
tems and interpretation of New De- 
parture bearing numbers for applying 
numerical designations to various bear- 
ing characteristics. 


Plastics—Dept. 100, Richardson Co., 
Melrose Park, Ill. Booklet 24 pages. 
Describes briefly types of plastics, prop- 
erties and fabricating processes for the 
benefit of non-technical men engaged in 
post-war product planning and who de- 
sire a general knowledge of plastics and 
their applications. 


Drawing—Craftint Mfg. Co., 210 St. 
Clair Ave., Cleveland 13, Ohio. - Folder. 
Contains several recent examples of 
drawings made on Doubletone paper. 


Clutches—Kinney Mfg. Co., 3529 Wash- 
ington St., Boston 30, Mass. Catalog, 
24 fiiges. Presents data and informa- 
tion on company’s various friction 
clutches from the standpoint of proper 
selection. 


Rubber— Mechanical Goods Div., Gen- 
eral Tire & Rubber Co., Wabash, Ind. 
Booklet, 36 pages. Various forms of 
Silentbloc flexible rubber for bearings, 
mountings and couplings used for mov- 
ing..parts of machinery and equipment 
are described and illustrated, and gen- 
eral information on vibration is pre- 
sented. 


Fire Detection—Fenwal, Inc., Ashland, 
Mass. Bulletin, 8 pages., Gives. details 
on continuous and unit type „detectors 
for aircraft in particular. 


Motors—Emerson Electric Mfg. Co., 


1824 Washington Ave.. St. Louis, Mo. 
Booklet 28 pages. Basic types of air- 
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craft electric motors for different kinds 
of service are described by means of 
drawings and tables; information on 
design is also included. 


Powdered Metals—General Metals Pow- 
der Co., 130 Elinor Ave., Akron, Ohio. 
Bulletin, 12 pages. Various applications 
of Gempco powdered friction material 
are presented. 


Drive—Morse Chain Co., Ithaca, N. Y. 
Bulletin 43, 80 pages. New and simpli- 
fied methods of drive selection, engi- 
neering data and a comprehensive list 
of stock drives based on a quick method 
of selection are prominent parts of this 
information on Silent Chain drives, 
which highlights advances and new de- 
velopments in high-speed chain drives. 


Forging—Steel Improvement & Forge 
Co., Cleveland, Ohio. Data Book, 36 
pages. Sections on types of forgings, 
forging design, metallurgy of forging 
and applications of commercial forging 
metals make up the greater part of this 
collection of information, much of 
which i¢ presented in charts, photo- 
graphs and drawings. 


Alloy Properties—lInternational Nickel 
Co., 67 Wall St., New York 5, N. Y. 
Bulletin, 24 pages. Explains and de- 
fines mechanical properties of metals 
and alloys, giving tabular data as ex- 
amples for the benefit of people who 
specify or work metals. 


Copper and Copper Alloys—Revere 
Copper & Brass, Inc., 230 Park Ave., 
New York 17, N. Y. Data Book, 54 
pages. Detailed information on 45 prin- 
cipal Revere alloys is presented by 
means of charts, tables, specifications 
and typical uses. 


Powdered Metals — Keystone Carbon 
Co., St. Marys, Pa. Booklet, 32 pages. 
Design information for powdered metal 
parts, featuring powdered metal bear- 
ings, is included. 


Steel—American Cast Iron Pipe Co., 
Birmingham, Ala. Booklet; 40 ‘pages. 
Illustrates numerous parts now being 
made from steel by: centrifugal casting. 


Plastics—Standard Molding Corp., 460 
Beacon St., Dayton: l, Ohio. Catalog, 
24 pages. Explains the scope and fune- 
tion of injection molding, illustrates 
numerous components made of thermo- 


plastic material by the method and jp 
cludes a copy of the special section m 
plastics from the September, 1943, num. 
ber of Propuct ENGINEERING. 


Hydraulics — Hydro- Power Sy 
Inc., Mt. Gilead, Ohio. Bulletin 430, 4 
pages. Describes hydraulic pressum 
generators, controls, valves and power 
units and illustrates several applica 
tions. 


Connectors—Burndy Engineering (o, 
107 Eastern Blvd., New York 54, N. Y 
Bulletin 6050, 64 pages. Gives details of 
“indent” type electrical connectors, 


Carbon—Pure Carbon Co., St. Marys 
Pa. Bulletin, 8 pages. Features of car. 
bon seal rings, uses and details of seq) 
design are covered. 


Parts—P. R. Mallory & Co., 3029 Wash. 
ington St., Indianapolis 6, Ind. Catalog 
36 pages. Includes company’s complete 
line of radio, electrical and electronic 
parts with sizes, dimensions and rated 
capacities. 





Cleaning—Oakite Products, Inc., 51 
Thames St., New York 6, N. Y. Service 
Report, 3 pages. Gives information on 
Compound No. 86, a new acid-type de 
tergent for the preparation of steel for 
organic finishing. 


Post-War Planning—<Associated Indus 
tries of New York State, Inc., 361 Dela. 
ware Ave., Buffalo 2, N. Y. Booklet, 4 
pages. Transcript of the minutes of a 
panel on “Fundamentals of Post-War 
Planning” held during the 29th annual 
meeting of the organization at Roches 
ter. 


Sheave—Allis-Chalmers Mfg. Co., Mil 
waukee 1, Wis. Bulletin B6310, 4 pages 
Demonstrates mounting features of 
Magic-Grip sheaves. 


Valve Control— Automatic Temperature 
Control Co., 34 E. Logan St., Philadel- 
phia 44, Pa. Catalog A3, 4 pages. De 
tailed engineering and application data 
covering company’s line of high-speed 
motorized valves for “on-off” control of 
steam, air, oil, gas or chemical solv 
tions is presented. 


Facing Metal — Wall-Colmonoy Corp. 
720, Fisher Bldg., Detroit, Mich. Cata: 
log No. 75, 8 pages. Describes and 
gives „uses for Colmonoy hard-facing 
alloys. and overlay metals. 

doire I 
Universal Joint—Condenser Service & 
Engineering Co., 95 River St., Hoboken, 
Ny Bulletin CS-10, 8 pages. 

gear universal joints for various use 
are illustrated and described. 
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Y Method Esti i 
Y ethod for Estimating the Shear 
of 
Modulus of Elasticity 
ya. 
ar 
eal L. E. WELCH 
Research and Development Laboratories, Bakelite Corporation 
sh. 
0g, 
ete i 
nic IS often difficult ur even impossible to find in technical in which 
ted literature the value of the shear modulus of elasticity of a G = shear modulus of elasticity, lb. per sq. in. 
material. It may not have been determined for the particular E = modulus of elasticity, lb. per sq. in. 
material in which the engineer is interested. Especially is u = Poisson’s ratio 
5 W tis mee for ~~ of the more recently developed plastic and Although this relationship is a very useful one, the data on 
1ce T L. le of Thumb” method, the sh d Poisson’s ratio for materials in general are not readily avail- 
% eti panang nea able. But the value of » for solid materials lies within the 
de Ë lus of elasticity of any material of construction can be esti- limits of zero for a perfectly rigid body, and one-half (0.5) 
for mated with fair accuracy from its tensile or its compressive for a plastic body. Substituting these limits of » in Equation 
modulus of elasticity, which are essentially equal, and here- (1), the limits for the ratio G/E are m 
after designated as simply the modulus of elasticity. i a 6-1 
us The shear modulus of elasticity is mathematically de- F" > and = 3 
Ja $ fined by the equation 
40 These limits are shown graphically in Fig. 1, with dash lines. 
fs g E (1) Nature has very conveniently established the value of p 
Tar equal to approximately 0.30 for the important engineering 
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Fig. 1—Relation between shear modulus and modulus of elasticity for several important engineering materials. 
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Fig. 2—Relation between shear modulus and modulus of elasticity for several standard phenolic plastic molding materials, 


materials. Then for » equal to 0.30 the ratio G/E reduces to 

G/ E= 0.385 (2) 
The relationship expressed by Equation (2) is accurate for 
many important engineering materials as shown in Fig. 1. 
A slight deviation from the value obtained by using 
Equation (2) may be expected if u is appreciably different 
than 0.30; but for values of » between 0.20 and 0.40, which 
is practically the maximum range of » for important mate- 
rials, this deviation is only 7.5 percent. Such a large devia- 
tion is the exception rather than the rule, and Equation (2) 
can be used with little fear of incurring an error of more 
than about 5 percent, which is sufficiently accurate for most 
engineering purposes. 

These observations show that Equation (2) offers a con- 
venient means of estimating the shear modulus of elasticity 
of materials which cannot readily be fabricated into torsion 
specimens, or specimens suitable for a determination of 
Poisson’s ratio. This is true particularly for many types of 
plastic molding materials, which are readily moldable in 
plate or sheet form, but difficult to mold as a cylindrical 
torsion specimen. Table I gives experimental values of E 
and p for several different types of plastic molding mate- 
rials, derived from compression tests on molded cylinders. 
Axial and circumferential strains during compression were 
determined with the aid of resistance wire strain gages 
mounted axially and circumferentially on the surface of the 
test cylinders. A plot of these experiments, Fig. 2, demon- 
strates the applicability of Equation (2) to molded plastics. 
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Table I — Results of Tests on Several Phenolit 
Molding Materials Having Various Fillers 


E/105 
Filler Ib./sq.in. 


Woodflour ! 

Woodflour 2 

Woodflour and asbestos 
Woodflour and cotton....... 


Woodflour and cotton flock. . 
eRe cw yi icclew ates at 
Cotton flock 

Cotton thread (long fiber)... 


O D ae. ....... .... i 


— coco coco 
ess sess sess 
Seu Bess Bugg 


‘Standard woodflour content. 
? Woodflour content slightly higher than standard. 
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